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Introduction: 
Why Analyze Bibliographies? 
H.R. S I M O N  
IT IS becoming increasingly apparent that for the 
continued development of information studies it is above all necessary 
to investigate the paths along which scholarly information is moving. 
Since the scholarly exertions of antiquity, the flow of information has 
possessed vast reservoirs in the form of bibliographies. These represent 
a concentration of information such as may excellently serve, from the 
viewpoint of the statistical method, as representative samples for the 
investigation of the information flow as a whole. Bibliographies enable 
us to develop model formulations which may ultimately give rise to a 
comprehensive theory of information, 
Bibliographies are worth investigating under carefully and methodi- 
cally defined conditions. Two types of investigations could prove par-
ticularly helpfuI: 
1. Investigations from the perspective of general information theory- 
the results of these inquiries would be of value to information special- 
ists of all kinds. Classed in this area could be Martyn’s article in this 
issue which gives an evaluation of the general situation regarding sec-
ondary literature; and Brookes’s article which provides a detailed ex- 
position of the methods of numerical analysis of bibliographies. An 
article was planned on the use of computer-stored bibliographies as 
sources for future developments in information and library science. 
Unfortunately this article did not materialize; however, an earlier 
Library Trends article by Malin describing the Science Citation In-
dex@ might be helpful to the reader interested in this area. 
2. Investigations from specialized viewpoints-the results of these analy- 
ses should reveal the current situation as well as trends in individual 
H.R. Simon is Archivist and Lecturer for the Library, Zoologid Institute of the 
University of Heidelberg, Germany. 
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areas of research. They are important for scholars in a great variety 
of specialized areas as well as for administrators in scholarship. In 
this issue the articles by Thompson on the humanities and Bottle on 
scientific bibliographies represent investigations from specialized 
viewpoints. 
These two approaches to analyzing bibliographies, which naturally 
represent only crude classifications, must be kept in view when decid- 
ing to set up projects for the analysis of bibliographies. Lancaster has 
listed criteria important for the information scholar.2 In addition to the 
well-known and frequently discussed factors of coverage, recall and 
precision, Lancaster distinguishes that of novelty. Novelty is a measure 
of the degree to which a bibliography brings to the user's attention ref- 
erences to articles that are new to him (i,e., articles that he was not 
aware of before seeing the bibliography). A novelty ratio3 may be ex- 
pressed in the form: 
Number of articles that are relevant to the user and new to him 
Number of articles that are relevant to the user 
With the two criteria of novelty and costs, it may exactly be deter- 
mined, above and beyond the general informational process, how a 
bibliography is rated from the viewpoint of the user. The fact, there- 
fore, that there are two quite decisively important questions to be con- 
sidered in the practice of information transmission may easily be shown 
by means of appropriate investigation^.^ 
All the mentioned forms of analysis of bibliographies primarily con- 
cern information transmission. The conveying of information, however, 
takes place within one specialized context, within one certain field of 
re~earch.~In view of this, bibliographical analysis is of importance to 
the scholar himself, although it can offer a valuable stimulus to the in- 
formation specialist as well. To be more specific, we can ask the follow- 
ing questions, for example, in order to determine the information flow 
in a specialized area by means of analysis of its bibliographies: 
1. Which journals cover the world's literature about -(art, phys- 
ics, or whatever)? 
2. In which countries are these journals published? 
3. In what languages is the literature about -written? 
4.How much is written in each subject field of -, where is it pub- 
lished, and in what language? 
In the above series of questions, 1,2,and 3 are equally important for 
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information scholars and specialists, while question 4 has value primar- 
ily for the specialist and secondarily for the information scholar. Inves- 
tigation of all the questions is possible in numerous narrowly or 
broadly specialized areas such as physics,e biology of mammals,‘ or car- 
diovascular medicines8 It would be a meritorious task to undertake as 
complete as possible a bibliographical listing of these studies. Arranged 
according to specialized areas, an overview would be obtained which 
would benefit many budding information projects, e.g., those ranging 
from one involving equipping libraries to one designed to find the best 
way to build up an information service. In both of the cases mentioned 
above, calculation of the active life-span of scholarly literature should 
also be mentioned as an important considerati~n.~ This factor often 
causes a limitation of the literature collection in terms of time-span, 
while the application of Bradford‘s law permits a limitation of the 
range by supplying the essential core journals.1o These two factors may 
also be deduced by analyses of bibliographies, as discussed in 
Brookes’s paper in this issue. 
If question 4 above is extended somewhat further, one can also con- 
vincingly distinguish trends in specialized areas. Methodical analysis of 
the specialized bibliographies may also be applied heres1’ An unpub- 
Years 
67 1955 u) 6lm u) 67 
Four Research Speciolitiec of Biological Control 
FIG.1. Percentage Relations of Publications in Four Research Specialties of 
Biological Control. Data taken from “Bibliography on Biological Control,” 
which appeared in the journal Entornophugu (Paris). 
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No. of Selected Animal Groups 
FIG.2. Relationship between the Number of Species 
to Publications in Eighteen Animal Groups. Species 
are signified as circles, publications as squares. Data 
are taken from Zoological Record (London) issues 
from 1955-1967. 
lished example from my own current studies can demonstrate this in 
the field of biological control of pests (see figure 1).First of all the 
information flow is represented purely descriptively in one area of re-
search. 
In addition to determining how much, where, and what, it is also 
important to determine the factors which are responsible for course 
and strength of the information flow. Some very promising formula- 
tions in this area have been furnished by de Solla Price.12 A comparison 
to this kind of investigation at the international economic level would 
be the gross national product, Correlations with journals in the “envi- 
ronmental protection” sector are thereby clearly revealed.lS 
In the field of biology the number of species within systematic cate- 
gories are good comparative parameters for the corresponding share of 
literat~re.’~An example of this is represented in figure 2, which shows 
the highly significant positive correlation of 0.901 for the numbers of 
species and the corresponding share of publication for 18 selected ani- 
mal groups (for details see reference 14). 
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Citation indexes have been a major aid in tracing tendencies and so-
ciological and historical interdependencies in various areas of research.l‘ 
Although it has been found preferable first to investigate the sci-
ences, the Social Sciences Citation Index, scheduled to be introduced 
in 1973, should also provide an improved basis for corresponding stud- 
ies in the arts and the humanities. 
Even the few examples given in this short summary should show that 
the analysis of bibliographies is a method which, from the viewpoint of 
information studies, deserves urgent priority in new projects. Analyses 
of bibliographies can give valuable insights and overviews not only to 
the information specialist himself, but also to the specialized re-
searcher. This issue of Library Trends is intended to be a preliminary, 
useful overview of the subject and will possibly give an incentive to 
further studies in the field of “analyses of bibliographies.” 
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Secondary Services and the 
Rising Tide of Paper 
J .  M A R T Y N  
SOME YEARS before the phrase “information ex- 
plosion” became current, the author of the Book of Ecclesiastes observed 
that “Of making many books there is no end” and, voicing a view that 
one suspects is shared by many of those for whom information services 
are hopefully designed, added that “Much learning is a weariness of the 
flesh.” Since that time, the journal literature has appeared, and the po- 
tential weariness of the flesh has been correspondingly increased. 
Strictly speaking, Ecclesiastes has fallen into the common trap of equat- 
ing books with knowledge because today one still speaks of an informa- 
tion explosion when what is properly meant is a paper explosion; that is 
to say, there is a tendency to assume that because the number of pub- 
lished items is continually increasing, the fund of human knowledge is 
being added to by a similar amount. The distinction between informa- 
tion and documents is an important one, because what abstracting and 
indexing services are basically concerned with are pieces of paper, and 
the fact that there are a great many of them causes most of the prob- 
lems of secondary services. 
At various times the number of papers published annually has been 
estimated at anything up to a million and a half, Variations in estimates 
arise because of differences in the bases examined, in the definition of 
what constitutes a published paper, and in the selection of the area of 
knowledge examined. Most estimates concern themselves with science 
and technology, and in this field the estimate published by Vickery in 
1968 is probably the most firmly based.l He defined a paper as an au- 
thored contribution to a scientific or technical journal, and, by careful 
sampling of current issues of journals held by the National Lending 
Library, arrived at an estimate of approximately 850,000 papers pub- 
J. Martyn is a Research Scientist at the Aslib Department of Research and Develop-
ment, London. 
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lished annually. Comparing this figure with other estimates, it seems 
reasonable to suppose that by the end of the 1960s the annual output of 
papers in science and technology was of the order of 1million. 
A more recent study by Vickery2 of the growth of journal literature, 
from its first appearance to the present, suggests an overall approxi- 
mate doubling period of twenty years, and a cumulative total of 30 mil-
lion papers. On these estimates as foundation one can rear an imposing 
edifice of entertaining speculation. For example, the British Museum 
having between seventy and eighty miles of shelving, it would be possi- 
ble to house one copy of every scientific and technical paper ever pub- 
lished on the existing shelves, if they were empty. As there would be 
some room to spare, it follows that the volume of books at present 
housed there is greater than the volume of papers that currently exists. 
Or, to put it another way, there are more words in books than there are 
in journals. Considering the rate a t  which the British Museum adds 
new shelving, it is likely that the doubling period of the book literature 
is about twenty-three years, not grossly dissimilar to that of the journal 
literature. It follows that not only are there more words in books than 
in journals, but there always will be, and the gap between the two is 
widening. 
As it is clearly harder to read all the books than to read all the jour- 
nal papers, why not abstract books, rather than papers? Of course, the 
foregoing flight of fancy has neglected the journal literature of social 
science and the humanities, as one often does, and has glossed over the 
proportion of the British Museum library that is fiction, social science 
or humanities, or is simple banslation of other volumes, and tends also 
to ignore the higher repetition rate of information in books as com- 
pared with journal papers. Nevertheless, it was an example of the sort 
of extrapolation one can (and frequently does) engage in in the infor- 
mation field, when presented with a little nugget of near-fact. 
Vickery’s estimate of 30 million papers referred to science, technol- 
ogy and medicine only. It is difficult to extend the estimate to the social 
sciences and the humanities, partly because of the lack of comprehen-
sive Iisting, partly because of difficulties in defining social science (or 
humanity), and partly because the more literary a document becomes, 
the less likely is it to be classed by an information scientist as litera- 
ture; that is to say, the scientific paper is an inherently more definable 
unit act of communication in science than the vehicles of communica-
tion appropriate to other scholarly activities. 
There are a great many secondary services whose purpose it is to 
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provide references to, and frequently abstracts of, portions of the total 
mass of literature, often in an indexed or classified form. The portions 
chosen can be either topic or discipline oriented like Chemical Ab-
stracts, mission oriented like Food Science and Technology Abstracts, 
quality oriented like the Science Citation Index, or with a national ori-
entation like British Technology Index. The coverage policy can be se- 
lective, usually on a quality basis, or comprehensive. The total number 
of secondary services is uncertain. In 1963 the National Federation of 
Science Abstracting and Indexing Services published a listing of all the 
science-technology services publishing more than 100 abstracts a year 
that they had been able to identify, and this listing contained 1,855 en- 
tries;3 NFSAIS is currently working on a revision of this list. Separate 
sections of large services, such as the parts of Referativny Zhurnal, 
were shown as individual entries, and a number of the services listed 
were abstracts sections of otherwise normal journals. Some services 
were available in several formats, e.g., printed codex or cards. There is 
no doubt that the forthcoming revised list will show considerable varia- 
tion from the 1963 list, particularly in terms of the variety of formats 
available, since there are now in the region of 100 services available on 
magnetic tape. 
In the intervening period there has also been an accelerated ten- 
dency for large services to subdivide or to provide varieties of biblio- 
graphic output, as for example Chemical Abstracts Condensates, 
Chemical Titles, Chemical-Biological Actiuities, and so on. And un- 
doubtedly the numbers of available services have increased. Each indi- 
vidual service will also certainly show an increase in the numbers of 
items published annually. Chemical Abstracts has jumped from 269,293 
in 1967 to 350,105 in 1971, and in the same period INSPEC has jumped 
from 71,032 to 148,944 and Engineering Index from 51,670 to 85,243. 
Other services will have increased similarly, partly as a response to in- 
creases in the primary literature, but also because of improved perfor- 
mance in acquiring the relevant literature, and especially because of 
policy decisions whose effect is to widen the scope of the secondary 
services by including much material which might previously have been 
regarded as peripheral. 
Vickery, in the growth study referred to above,2 also points out that 
an examination of the growth of six major abstracting services over the 
past decade shows a doubling period of six and a half years, which is a 
faster rate of increase than that of the primary literature itself. A recent 
study of information on tape,4 carried out by the Aslib Research and 
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Development Department, identified about seventy services for which 
it was possible to estimate the total number of entries made up to De- 
cember 1970, and the annual number of entries. This study indicated 
that at least 3.5 million machine-readable entries are now recorded an- 
nually, and the total number of entries on tape was, at the end of 1972, 
about 24 million. 
It is already obvious that there are many more entries made annually 
in secondary services than there are primary papers published. Since 
no service is notifying imaginary references, it follows that there is very 
considerable overlap among the secondary services, with multiple noti- 
fication of many items. It is worth noting that the great majority of ser- 
vices examined in the Aslib tape study are in the English language, so 
there is no evidence to support the hypothesis that the overlap is 
caused by abstracting or notification in different languages: it would 
not be unreasonable to assume that, had i t  been possible to include 
non-English language services in the study, a higher rate of duplicate 
notification would have been suggested. 
Martyn5 noted that the study of a number of reasonably comprehen- 
sive specialized bibliographies showed that about one-fifth of the refer- 
ences contained in the bibliographies had not been picked up by any 
major secondary service, and concluded, with the specialized bibliogra- 
phies used being drawn from a number of areas of science and technol- 
ogy, that it was not unfair to assume that, over the whole field, a similar 
situation prevailed. A more recent unpublished work by Martyn, in 
which items notified by the Biodeterioration Information Centre have 
been sought in Institute for Scientific Information coverage, Chemical 
Abstracts services, Biological Abstracts, Index Medicus and Food Sci-
ence and Technology Abstracts (all services which may be searched by 
computer), has confirmed the original view because, of the 1,874 refer- 
ences to 1969 journal literature sought, more than 23 percent proved 
not to have been covered by the services examined. 
We now have the picture that, so far as science and technology are 
concerned, roughly 1million items of primary journal literature appear 
each year. Probably (augmenting the Aslib tape coverage figure to al- 
low for services not yet on tape) more than 4 million entries appear 
annually in secondary services. As approximately one-fifth of the items 
published are not notified, it is reasonable to conclude that, of those 
items which are notified, each is notified, on the average, five times. It 
may further be assumed that many of the notified items are notified 
many more than five times. This is a result of the natural evolution of 
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the system of coverage of the literature of science and technology. The 
major services, which are mainly the longest established, cover the lit- 
eratures of specific disciplines; coverage of their core literatures is gen- 
erally complete, or nearly so, but coverage tends to fall away from com- 
pleteness in the fringe areas, as is natural. The core of a discipline is 
clearly defined, and the relevance of a document to that core can be 
easily assessed, but a fringe area is by its nature less clearly defined, 
and decisions of relevance become more subjective. Usually a major 
service is operated by full-time professionals, with paid abstractors and 
indexers, and a marketing system organized along commercial lines. 
Exchange of appropriate material among services has been common for 
a long time, and is gradually becoming more systematic, 
Together with the major services there is a population of smaller sec- 
ondary services which cover subdisciplines, whose coverage is often 
wholly contained within the major services, but which continue to exist 
either because they provide their customers with more specific infor- 
mation (e.g., the user has to buy less of what he does not need in order 
to get what he does need), or because the quality of their product is 
superior by virtue of being better indexed or having more information- 
content per item notified. These services also tend to be reasonably 
long-standing and professionally organized, but not infrequently rely 
on voluntary or semivoluntary (i.e., underpaid) assistance with their 
input. 
There are also a large number of small services which have come 
into being in order to cover interdisciplinary areas, the areas which lie 
between the defined coverage areas of the bigger services or in some 
cases outside them. Being interdisciplinary, they tend to serve develop- 
ing areas of science which are relatively novel, and, therefore, often of 
no great age. Because the areas of interest are novel, there is often not 
a very large population of users to support them, so their potential in-
come is small and they rely on volunteer labor, and the absorption of 
their overheads by large organizations such as, for example, universi- 
ties which provide accommodation and facilities, or major libraries 
which allow free access to their journal stocks, to keep their apparent 
costs down. Some are run by professional information workers and 
some are not. In many cases the marketing of their products is far from 
perfect. Where diversity can exist, it does. 
Some services attempt to cover their chosen area of interest compre- 
hensively and include everything relevant which can be discovered by 
scanning a wide range of journals, like Chemical Abstracts which “in 
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1971 . . . combed the contents of some 12,000 scientific and technical 
journals published in 56 different languages and chemical patents is- 
sued by 26 nations.” Some restrict their coverage to journals alone, or 
patents or the report literature. Some cover selectively, imposing a d s  
gree of quality control on the material accepted for inclusion. Some 
simply claim to cover a field as well as they are able by drawing from a 
defined set of sources, like the Bibliography of Reproduction which 
claimed an approximate 50 percent coverage of the field of mammalian 
reproduction. ISI, unlike the majority, covers a stated list of journals 
comprehensively, including everything published in the covered jour- 
nals. The quantity of information presented varies from a bare refer- 
ence to a detailed informative abstract, often acceptable as a substitute 
for the original document. The style and quality of indexing varies sim- 
ilarly, and the time elapsed between publication of a document and its 
notification can vary from two or three weeks to, in extreme cases, sev- 
eral years. 
Just as the primary literature grows, develops, overlaps, multiplies 
and occasionally dies with little to check it but the pressures of the 
market (moderated sometimes by direct subsidies, or the unrealized 
subsidies that arise from defective accounting), so the secondary litera- 
ture exhibits the richness, the vigor of growth, the variety, the extrava- 
gance, the untidiness and the illogicality characteristic of the majority 
of human activities in a free society. Irrationality is the price of free- 
dom in more than a purely philosophical sense, and even in those sys-
tems where sanctions can be imposed to enforce order, humanity, like 
cheerfulness, keeps breaking through, and the systems therefore fall 
away from perfection. 
What the effects of this lack of systems are on the user depends very 
much on the nature of the user. If his interests lie within the bounda- 
ries of a long-established scientific discipline, he is liable to find the 
present system adequate to his needs, particularly if his requirement is 
for less than total coverage of his topic of interest. As total coverage is 
liable to produce references to many more documents than he is willing 
or able to read, he is predisposed to accept partial coverage, although 
welcoming some assurance that what he misses is of less importance 
than what he finds. If, however, as is perhaps more commonly the case, 
his immediate requirement is for a piece of information whose normal 
habitat is in a discipline outside his own, or he requires a body of refer- 
ences which are scattered among the literatures of several disciplines, 
or which are even d 8 c u l t  to locate within the normal framework of 
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the traditional disciplines-in other words, if his temporary or enduring 
need is for interdisciplinary information-he faces serious problems. 
The first problem is the choice of service to search, which is largely a 
matter of trial and error. Having selected a service, if he is seeking a 
reasonably comprehensive or, better, representative, sample of litera- 
ture on his interdisciplinary topic, he can be certain that all his needs 
will not be met from within that one service alone. He must therefore 
turn to other services, but if he does this, he can be certain that not only 
will he be unlikely ever to achieve anything approaching comprehen- 
sive coverage, but also he will inevitably find the same items over and 
over again. 
The first problem may or may not be serious. There are some 
grounds for supposing that the information that is not picked up by the 
secondary services tends to be of a lower level than that which is 
picked up; lower in the sense of generally not being the first appear- 
ance of the contained information, but rather rewritten versions of it 
produced for scientists in different fields or technologists in the same 
field as the field of origin of the original information to which it refers. 
The second problem is more important, particularly in the case of an 
individual searching services based on machine-readable records, be- 
cause in the majority of cases the payment for records retrieved from 
these services is directly related to the number of items retrieved or 
expected to be retrieved, and while the user population may become 
resigned to the prospect of paying for a number of unwanted refer- 
ences inevitably retrieved with those which are wanted, it is less likely 
to accept the necessity of paying afresh for items which it has already 
bought, however relevant they may be. 
What is the purpose of the system of secondary services? It is seldom 
stated in a global context, being usually related to a particular popula- 
tion. Any specific secondary service is generally aimed at covering the 
literature which is likely to be of use or interest to scientists or others in 
a stated discipline or subdiscipline, or with a stated mission; it tends, 
that is to say, to be user-oriented, This unfortunately means that while 
there are very many users whose average needs are satisfactorily met 
by existing single services, there are also, inevitably, many other users, 
either in interdisciplinary areas or in some areas of applied science and 
technology, whose needs are not met, just as a normally well-served 
user occasionally has an unusual information need which is difficult to 
meet from his habitual sources. In an ideal world, access to all parts of 
the primary literature should be equally possible for all potential users, 
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and to afford such access should be the object of the system of secon-
dary services as a whole. 
To insure equal access to all documents, it is necessary to insure that 
references to all documents exist somewhere in the overall system. So 
far as the book literature is concerned, this is gradually being achieved 
through the agency of the various national bibliographies, and when all 
countries are eventually producing MARC-like services for their own 
book output, then, errors and omissions excepted, world coverage of 
monograph material will be complete. It should be noted that the exis- 
tence of national bibliographies does not preclude the existence of spe- 
cialized bibliographies, but rather facilitates their production. 
National bibliographies work because they are organized on the ba- 
sis of the physical properties of the items they cover; they are identifi- 
able as books, according to an agreed definition, and they are published 
in identified locations. Discipline- or mission-oriented secondary ser- 
vices are less successful in terms of coverage because they are based on 
the intellectual properties of the documents they cover-what they are 
about, rather than where they come from. A “journal-paper MARC” op- 
erated on a national basis is as feasible as existing MARC systems, and 
would at least provide comprehensive coverage, searchable by journal 
title, article title and author, of the journal literature of the individual 
countries operating such a system. 
Such a system would take some time to implement, and might well 
require legislation, if only to provide enabling funds. It would inevita- 
bly be a considerable time before the world’s literature could be cov- 
ered in this way. Attempts to approximate a consolidated coverage of 
the journal literature could be made if it were practicable to merge the 
existing major tape-based secondary services in such a way as to create 
a unified file containing the author, title and reference of each item 
contained in the major services, and perhaps augment it with addi- 
tional material known not to be covered. One problem which would 
have to be faced would be identification of noncovered material, and 
this would be greatly facilitated if the major services could state cate- 
gorically which journals they cover completely. (This would be of 
value immediately, in that searchers of more than one service could use 
a logical NOT to prevent re-retrieval of at least some of the items 
found in the first search.) 
Another problem would be the elimination of duplicate references, a 
problem which is currently intensified by the great variation in timelag 
of available systems. A reference appearing in service A perhaps a 
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month after first publication may appear in service B after a further 
three months, and again in service C six months later still; this problsm 
can be met by using a journal-item-received register file and automati- 
cally deleting from each fresh input tape every item already shown to 
be held, but it is a cumbrous and unwelcome necessary addition to a 
notional system. The result, however, would be a single source which 
could be searched by a user without incurring cash penalities for dupli- 
cate retrieval. 
There are basically three routes towards a unified, controlled system 
of secondary services. They are to operate the system yourself, with or 
without using the elements already existing, to coerce others into oper- 
ating the system, or to persuade them to do so. The first route is essen- 
tially what has been suggested here. Coercion is not only morally unde- 
sirable, but also not practicable, so may be dismissed. Persuading oth-
ers, usually known as “international cooperation,’’ is the route which 
has been and is most often followed, not without a certain amount of 
success, but anyone with any experience of the international i n f O m I R -
tion field knows this is an arduous route, bedeviled with questions of 
national, organizational and individual self-interest. One recognizes 
that in the information field, as in other perhaps more important or 
more urgent problem areas, international cooperation is the only feasi- 
ble long-term solution, but it is suggested that until this happy state be 
reached, some stop-gap operations would not be unuseful to the actual 
users of information, for whom, after all, the secondary services are no- 
tionally intended, and who, ultimately, pay the bill. 
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IT IS ONLY in the last eight or ten years that the 
numerical aspects of bibliography have attracted attention, although 
some of the numerical regularities that occur in bibliography have been 
known for thirty or forty years. Results are, therefore, still meager and 
applications are still few. Moreover, most of the work so far reported has 
been limited to numerical analysis of the literature of the natural sci- 
ences. This is in part because the secondary sources in the natural sci- 
ences are the best organized and so provide the most accessible data; in 
part because the literature of the natural sciences are the least restricted 
by linguistic barriers; and in part because the proposed world-wide sys- 
tems, such as those advocated in the UNISIST report, offer an immedi- 
ate field of application in the design of economic and efficient systems 
based on the results of numerical bibliographic analysis. However, the 
field of possible application is gradually widening: serious efforts are 
now being made to organize the more diffused literatures of the social 
sciences, for example. 
The main practical purposes that numerical analysis can serve are 
based on the belief that quantification is a necessary component of the 
design of economic information systems and that measurement of the 
key processes of an information system is a necessary component of 
management control. The present main objectives of numerical analysis 
are: 
1. the design of more economic information systems and networks; 
2. the improvement of the efficiencies of information-handling processes; 
3. the identification and measurement of deficiencies in present biblio- 
graphical services; 
4. the prediction of publishing trends; and 
5. the discovery and elucidation of empirical laws which could form the 
basis for developing a theory of information science. 
B. C. Brookes is Reader in Infomation Science in the School of Library Archives 
and Information Studies, University College of London, England. 
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ESTIMATING OF A BIBLIOGRAPHYTHE COMFJLETENESS 
Strictly speaking, no bibliography can ever be proved to be complete. 
The bibliographer can only publish his final list and so, in effect, chal- 
lenge all who may be interested to point to any omission they may note. 
The bibliographer who strives to prepare a comprehensive bibliography 
will usually turn first to the most accessible and productive sources con- 
tributing to his subject. But as his work progresses he has to seek and 
identify other less productive sources. The search, ever more penetrating 
and wide-ranging, is continued while relevant items are found. But new 
finds occur with steadily decreasing frequency in spite of continued ef- 
fort, There is no positive signal which indicates to the bibliographer 
when his search has been completed; the only sign is the absence of fur-
ther relevant items. 
However, the law first formulated by S. C. Bradford,l and known by 
his name, offers the possibility of estimating the number of sources and 
the number of items that one can expect to find. This estimate is based 
only on knowledge of a small but sufficient number of the most produc- 
tive sources. Unfortunately, Bradford formulated his “law of scatter” 
in two versions which Wilkinson2 has recently shown to be formally 
different although closely similar. But both formulations lend themselves 
to methods of estimating the size of a comprehensive bibliography if the 
subject and the range in time are first well-defined. 
In its original form, Bradford‘s law said nothing about comprehen- 
siveness. But obviously a bibliography must be finite and the number of 
items produced by the least productive sources cannot be less than one. 
When this consideration is expressed in one of the two formulations of 
Bradford’s law, a simple graphical technique for estimating the size of 
the complete bibliography can be devised. It requires the drawing of 
the “bibli~graph.”~ 
The most productive sources are first ranked in decreasing order of 
productivity. The cumulative sums of items found from these sources 
are then plotted on a graph as shown in figure 1.The most convenient 
graph paper for this purpose is semilogarithmic; the linear scale is ap- 
plied to the cumulative sums and the logarithmic scale (which, although 
marked 1 ,2 ,3 .  . . 10, 11,12. . , in successive digits, actually spaces them 
according to the logarithms of the digits) is used to indicate the ranks 
of the sources. So, on the graph, point A indicates the number of items 
yielded by the most productive source, point B indicates the number of 
items yielded by the two most productive sources together, and so on. 
The first few points will be found to lie on a rising curve which, sooner 
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or later, will run into a straight line. As soon as the straight line is defi- 
nite enough, an estimate of the end-point of the line can be made. 
The straight line is extended to meet the axis of log n (at  S in figure 1) 
and some convenient point P is marked on the straight line. It can then 
be shown that the total number of sources, N,expected to contribute to 
the bibliography is given by 
where R ( p ) is the number of items corresponding to the point P and 
where the lengths OT and SN are measured as accurately as possible in 
miUimeters. 
Numerical Methods of Analysis 
When N is known, it is possible to estimate the total number of items 
to be expected. It may be possible to mark the point N on the graph and 
so to mark the corresponding point E on the continuation of straight 
line SP. The required value of R ( N )  can then be read from the scale of 
R (n )  on the left hand side. Alternatively, R (N ) can be calculated from 
the formula 
R ( N )  = N log, N / S  (2) 
where it is the number corresponding to S on the log nscale. ( A  table of 
“natural” logarithms is needed.) 
How realistic is the estimate? It is not possible to prove that E must 
be the end-point of the line because there is no logical reason why a 
comprehensive bibliography should conform so precisely to a mathe- 
matical law. Yet the technique has now been tested many times, espe- 
cially against computer-produced bibliographies derived from retro- 
spective searches of large data bases such as MEDLARS, and seems to 
be realistic. The advantage of using computer-produced bibliographies 
of this kind is that the items found must all conform to the search ques- 
tion as formulated for the computer search program. The relevance to 
the subject specified by the question is therefore uniformly controlled 
and it does not matter (for the purpose of testing the technique) whether 
the search question is “correctly” formulated or not. In every such case 
real and predicted end-points are very close indeed. 
When the technique is applied to manually produced bibliographies 
the real and the estimated end-points can differ appreciably. A common 
occurrence is illustrated in figure 2. Here, if the plotting of the graph is 
continued beyond the points required to determine the straight line, the 
plotted points may fail to maintain the linear climb and fall away in a 
droop to end at some point such as G. In such cases it is plausible to 
argue that the bibliography is not complete in the sense in which the 
technique requires. For example, the bibliographer may quite reason- 
ably state that he has been selective. He may say that he has noted only 
those items which are “of professional interest” or that he has omitted 
exact translations of some items into other Ianguages. But, in our own 
experience, wherever a droop has been observed, it has always been 
possible to indicate either some selectivity or some omissions. 
It has been noted, however, that the point E as calculated slightly 
overestimates the total number of items, though not the total number of 
sources. This fault arises because, as the graph nears the end-point, the 
sources end with a number which provides three items, a larger number 
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FIG.2. The ‘Droop’: An Indication of Incompleteness 
which provides two items and a still larger number of sources which 
provide only one item each. When the corresponding cumulative sums 
are plotted on a logarithmic scale they do not lie exactly on the straight 
line but form a series of lengthening arcs which intersect on the straight 
line (figure 3) .  The last one, however, is open at the end-point. When 
the complete data are carefully plotted, the graph ends in an open hook 
which ends slightly below the estimated end-point E, The “hook” how- 
ever is clearly distinguishable from the “droop” mentioned earlier: the 
hook is concave upwards whereas the droop is concave downwards. 
With these reservations Bradford’s law can be used to provide reliable 
estimates-but of what precisely? The user of this technique has to 
appreciate that the end-point is determined by the items he includes in 
the data which initiate the curve and straight line and that these data 
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FIG.3. The Arcs Near the End of the Bradford Linearity 
define the totality he is estimating. For example, if it happens that these 
initial data are all derived from the most productive sources of, e.g., 
items published only in the English language, then the totality will be of 
items published in the English language. If the initiating data all refer 
to items published in, e.g., 1972 in any language, then the totality will 
be of items published in 1972 in any language. Most of the faults about 
the application of the technique that have been reported arise from lack 
of appreciation of the fact that the initiating data must be bibliographi- 
cally well-defined in subject relevance and in period of publication and 
also be complete and exact as far as they need to go. And the reliability 
of the estimate is naturally critically dependent on the precision of the 
initiating data. 
OTHERO C ~ ~ ~ E N C E S  LAWOF S mOF BRADFORD’S a 
The mechanism underlying the generation of a Bradford distribution 
seems to consist of two competing processes. The primary process is a 
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bandwagon effect: in bibIiographica1 terms, authors would in general 
prefer to publish their papers in the core journals which correspond to 
the sources on the curved part of the bibliograph. But these journals 
receive more good papers on the particular subject than they can or 
wish to publish. So their standards of acceptance are high and this sec- 
ondary restrictive process then pushes some papers out into the periph- 
eral journals. The Bradford distribution follows: it represents an overall 
bandwagon effect which is modified by a restrictive effect over the 
sources at the core. 
If this explanation were valid, the Bradford distribution should arise 
in other situations in which similar processes occur. It does. The items 
borrowed from a library follow the same law: the restriction on borrow- 
ing occurs because there are always a few items in such demand that 
some keen users have to waits4 The users too, ranked in order of the 
FIG.4. Cumulative Zipf (Unrestricted) and Bradford-Zipf 
(Partially Restricted) Distribution 
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number of items they borrow, form another Bradford set: keen users 
compete with each other for the core items of the library and so are 
sometimes disappointed not to find the specific items they seek. It has 
been suggested (not too seriously) that a library could most economi- 
cally be designed to provide the best possible service for all its users 
simply by striving to meet, as far as possible, the demands of its identi-
fied core users, because all other users will be content with what is so 
provided. 
It has also been noticed that at a conference the contributors to the 
discussions, ranked according to the frequency of their questions or con- 
tributions, yield a Bradford set of data. Here, competition arises among 
the would-be contributors to “catch the chairman’s eye,” and the good 
chairman usually prefers to call a new contributor to the discussion 
when the chance arises. The index terms assigned to documents also 
follow a Bradford distribution because those terms most frequently 
assigned become less and less specific and therefore increasingly ineffec- 
tive in retrieval. The publication of books by publishers follows the same 
law. 
On the other hand, when there is no competition or other form of 
restriction, there is no core. At the present time, authors of scientific 
papers are generally allowed to cite as many references as they wish. 
The data which relate to items cited yield a bibliograph which consists 
of a straight line with no initial rising curve (figure 4).This is a cumula- 
tive Zipf distribution corresponding to the linear nonrestrictive part of 
the Bradford-Zipf distribution. 
APPLICATIONS LAWOF BRADFORD’S 
COMPREHENSNENESS OF ABSTRACTS AND OTHER BIBLIOCRAPHIC SERVICES 
Every specialized interest in the natural sciences is now provided with 
abstracts services and some with retrospective search of cumulated data 
bases. These services are usually presented implicitly as though they 
covered their particular fields comprehensively, but it is well to check 
the coverage offered. The bibliograph can be revealing. If the graph 
ends in a droop it suggests that the service provided is not comprehen- 
sive, but before reaching such a decision the anaIyst must insure that 
his data are well-defined and are exact. For example, if it were decided 
to check the completeness of the list of items published in 1972, then 
adequate time must be allowed to permit the inclusion of all such items 
in the service being checked. 
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SELEClTON OF SOURCES 
The complete coverage of any well-defined subject is a costly objec- 
tive, so most librarians are faced with the problem of deciding how to 
make optimum use of limited resources. If, for example, the attempt is 
made to identify the sources that contributed to the Bradford-estimated 
totality of some well-defined subject during the year 1970, it will be 
found that there may be 100sources which provided only one item. If a 
similar analysis is made a year later, again it may be found that about 
100 sources have yielded only one item each. But the two lists of one-
item sources will not be identical: in each list there will be found sources 
which do not occur in the other. In short, whatever the subject may be, 
there is a very wide fringe of sources which contribute less frequently 
than one item per year, and continuous search is needed in this periph- 
eral area to discover these occasional items. There is no discernible limit 
to comprehensiveness in this wide sense. 
The librarian, therefore, has to be selective. The analysis of sources 
required to produce the data for the bibliograph requires the sources to 
be ranked in order of decreasing productivity. For a given annual ex- 
penditure on the acquisition of sources, it therefore provides the data 
needed to make selection a rational process, and the bibliograph enables 
the librarian to estimate the percentage coverage he can afford. 
The core sources together always constitute a large fraction of the 
Bradford totality at relatively low cost and, because they also represent 
the most active sources, they can be regarded as providing the essential 
working minimum for any special library. Beyond this nuclear zone of 
the most productive sources there are sources which are gradually less 
and less productive. Moreover, there is some evidence (not yet fully 
established) that the nuclear zone produces the most frequently cited 
items and therefore, presumably, the most significant also. The general 
Bradford formula makes it possible to estimate how many of the most 
productive sources would yield any specified fraction p of the total num- 
ber of items. The formula is 
R(n) = N log n/s (1 I ?z IN )  (3) 
where 
R(n)=cumulative total of items contributed by the sources of rank 
1to n, 
N =  total number of contributing sources, 
a=a constant characteristic of the literature. 
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Then 
R ( N )  = N log N / s  (4) 
is the total number of items contributed by the N sources. 
As a simple numerical example, consider a scientific literature which 
produces a total of 2000 items from 400 sources. We then have, substi- 
tutingin (4), 
2000 = 400 log 400/s 
so that 
log s = log 400 - 5.0 
= 6.0 - 5.0 (natural logarithms) 
= 1.0. 
It is now possible to complete the calculation, since 
R(n) lognlsp = - - - = -
R ( N )  log N / s  
which on solving for log n,yields 
log n = p log N + (1 - p )  log s. (5)  
For the particular values of the numerical example, we have 
log n = p log 400 + (1 - p )  1.0 
= 6.0 p + (1 - p )  
= 5.0 p + 1. 
If we now put p = 0.8, 0.6, 0.4 and 0.2 successively, the corresponding 
values of log n are 5.0, 4.0, 3.0 and 2.0 successively. And referring to 
tables of natural logarithms or exponentials, we find values of n as shown 
in the following table. Note in table 1that the 20 most productive of the 
400 sources contribute 40 percent of the total number of items. 
TABLE 1 
SOURCE BY PERCENTAQECOVERAGE 
Percentage Coverage 
of Items 
No. of Sources 
(4 
Percentage of 
Sources 
100 400 100 
80 148 57 
60 55 14 
40 a0 5 
a0 8 a 
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The same estimates can also be found graphically. On semilogarithmic 
paper, with the rank n marked along the log scale and R ( n ) along the 
linear scale, identify the two points: R(N )  = 2000 with N = 400 and 
R( n )  = 0 when n = s = 2.7. The line joining these points enables any 
corresponding values of n and p to be read directly from the graph. 
These measures are, of course, purely quantitative; so it would be 
reasonable to consider sources on both sides of the proposed cut-off to 
insure, for example, that a source in a language unfamiliar to the users, 
or relatively costly, difficult to acquire or subject to delay is not retained 
in favor of another source, of slightly less productivity, in a familiar lan- 
guage, less costly or easier to acquire. The optimum cut-off has to be 
applied with judgment based on bibliographic knowledge of the subject 
area. 
Any such cut-off leaves the librarian with the problem of searching for 
significant items provided by sources which he has decided not to a e  
quire, Notice of such items should be given by the abstracts services or 
other secondary sources and their mode of acquisition will depend on 
the local circumstances. In Britain, the National Lending Library strives 
to acquire copies of all scientific sources and offers a photocopy by return 
mail of any item that is bibliographically well described. In such a case, 
the optimum cut-off point can be determined by estimating the cost, in 
terms of the delay to the users as well as of the actual monetary cost, 
and comparing this figure with the cost of acquiring items from the 
ranked sources as the rank (and therefore the cost per item acquired) 
runs from 1,2, 3 . . . onwards until the two costs are equali~ed.~ 
This technique of determining the economic holdings of scientific 
libraries can be applied to any hierarchical system of libraries which 
consists of a number of small local libraries with special interests, a 
smaller number of regional libraries which service groups of special 
libraries, and a national library which offers the most comprehensive 
coverage. The conditions under which the regional libraries become re- 
dundant can be exploreda6 
THEMEASUREMEWOF OBSOLESCENCE 
The world's knowledge of pure science is embodied in its published 
literature which is in part a description of theories and data that are 
wholly new, in part an updated version of earlier theories and a reinter- 
pretation of older data in terms of the newer theories. So, at any given 
time, the current scientfic literature is in part new and in part retro- 
spective although the range of the retrospective view varies from one 
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science to another and even within a science, as in astronomy for ex-
ample, there may be wide differences as there are between descriptive 
astronomy and astrophysics. 
If a library’s resources are limited and its users are primarily con- 
cerned with current research, there is little point in retaining in per- 
petuity all the back numbers of all the journals it takes. The usage of 
back numbers declines with age but the little-used volumes demand 
constant shelf space and maintenance services which add to the overall 
library costs. It is possible to estimate the optimum cut-off graphically 
when the aging rate is known, and economical to apply it when copies of 
any papers called for from the discarded volumes are readily available 
elsewhere.6 
However, in measuring the rate of obsolescenceof a literature we have 
to distinguish between the usage of the literature by those who con- 
tribute to it (who are its primary users) and the usage of the literature 
in any particular library. The first need is to measure the usage of the 
literature by those who contribute to it; the only publicly observable in- 
dicators of this usage are the references cited by the authors. The usage 
of a literature within any particular library will of course be of concern 
to the librarian, but his measures of usage will be of little interest to any-
one else, nor are his data publicly observable. Citations within the litera- 
ture to the literature, however, are publicly observable so that any re- 
sults based on them can be checked by anyone who has access to the 
literature in any part of the world. If this publicly observable rate is 
known, then it should not be difficult to modify it to meet the usage pat- 
terns peculiar to any particular library. 
The most straightforward technique of measuring obsolescence re- 
quires a sample of at least 2000 citations from the literature of the sub- 
ject published within some specifled year. The frequencies of citations 
to earlier papers of the same literature are then noted, taking the year as 
the unit. These frequencies are then cumulated in a table so that it is 
possible to read off how many citations were made to each specified year 
or earlier. The frequencies so cumulated, reducing year by year as the 
citations to still earlier years decline in frequency, are then plotted 
against their corresponding dates on semilogarithmic paper ( two-cycle 
or three-cycle) with the frequencies marked along the logarithmic scale 
as in figure 5. 
In general it will be found that after a hesitant start covering the two 
most recent years (because it takes that order of time to read a newly 
published paper critically, do the necessary scientific work, prepare the 
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paper and get it accepted and published), the plotted points fall steadily 
downwards on a straight line. This straight line continues until the 
period of the last world war is reached, when the plotted points usually 
move sideways (indicating an interruption of normal scientific publish- 
ing). Unless the sample is very large, the graph usually ends rather 
erratically as the frequencies become very small. 
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FIG.5. Graphical Method of Estimating Obsolescence: Cis the 

Number of Citations to the Year t or Earlier 

The next step is to draw the best possible straight line through the 
linear part of the graph and to extend it to the edges of the graph paper. 
A second straight line QA is then drawn parallel to the first straight line 
and this second line becomes the means by which the annual aging rate 
and its effects can be read. 
The theory of this procedure derives from the fact that the linearity 
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indicates that the citations as originally counted year by year can be 
expressed as the geometric sequence 
R,  Ra, R d ,  Raa . . . Ral-l. . . 
where R is the presumed number of citations during the first year, some 
of which do not immediately emerge in publication. But as a < l ,  the 
sum of the sequence converges to the finite limit R/(1- a) . So the se- 
quence plotted, which is the decreasing sum of citations to earlier years, 
can be expressed as 
Uo = R ( l  + u + U' +... + a'-' +.. . ) = R/(1  - a). . . (6) 
U 1 = R ( a + a 2 + a a +  . . .  + a 1 - ' + . . . )  
= R a ( l + a + d +  ... 
= Ra/ ( l  - a)  = Uoa 
UZ= R(a2+ aa+... +al-l +... ) 
= Ra2(1+ a + a2+...+ +.. . ) 
= Ra2/(1 - a) = Uoa2 
and so on. This result implies that the sequence plotted, i.e., 
Uo,Voa, Uoa2..  Uoaf-'. .. 
is also a geometric series of the same ratio a as the original sequence. 
Hence, after t years the residual utility, U,at-l, is the fraction at-l of the 
original utility U,,.The value of this fraction can be read directly from 
the graph, either as a fraction or a percentage, as shown in figure 5. 
Although the value of a can be read directly from the graph as the 
fraction corresponding to the age of one year, it is more accurate to read 
the fraction corresponding to the age eight years and then to take suc- 
cessive square roots. Thus if it is found that 
a* = 0.36 
then 
a' = 0.60 
and 
a2= 0.775 
giving 
a = 0.88, 
It is always helpful to draw the graph in case unexpected anomalies 
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arise which the librarian feels should be taken note of. Should any such 
anomaly make it difficult to draw any straight line with conviction, the 
constructed line OA cannot be drawn either. Any difEculty of calculation 
that arises, however, can be avoided by drawing a second graph begin- 
ning at Q which is geometrically parallel to the plotted graph. The re- 
quired fractions or ages are then read by reference to the second graph. 
As the librarian can always exercise his judgment conservatively, there 
is no need for elaborate statistical procedures intended to yield figures 
of high precision. 
If it has already been verified that, for the particular subject litera- 
ture, the graphs can be assumed to be linear, it is possible to simplify the 
above procedure for estimating the numerical value of a. All that it is 
necessary to do is to divide the citation data into two categories when 
sampling and to count separately: ( a )  those eight years old or less and 
(b)  those older than eight years. If these two counts amount to m and n 
respectively, then 
m = R ( l + a + a * +  . . . +a ' )  
and 
n = R ( a * f a Q +. . . )  
= a*R(1+ a + a* + .. . ). 
Hence 
m + n = R ( l + a + d +  . . . + a 7 + a ~ + a 9 +  . . . )  = Uo 
and 
n = aaUo 
so that 
n 
=- (7)m + n' 
Square roots are then taken in succession as before to yield the required 
value of a. 
It  is emphasized that any value of a so obtained is the result of sam- 
pling and is therefore subject to sampling variance, i.e., two different 
samples of equal size drawn from the same literature are likely to give 
different results. Such differences decrease as the sample size increases 
but the sample size should always be stated when an obsolescence 
measure is determined.l 
If the graph when plotted yields a slope which steadily decreases in 
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steepness, this result implies that the literature has at least two com-
ponents of different rates of aging. A little knowledge of the subject 
usually makes it possible to separate the main components and to ana- 
lyze them separately. 
OBSOLESCFNCE, AND GROWTHS C A ~  
Librarians, concerned more with the usage of their own libraries than 
with the overall use of scientific literatures by those who create them, 
have been confused about the effects of the growth of literatures on their 
rates of obsolescence. They have argued that the value of a found by the 
technique described above has to be modified if the literature is growing. 
Their grounds for this argument rest on the idea that the probability 
of any particular paper being cited decreases as the number of papers 
published per annum increases, But they overlook the fact that scientific 
literatures grow, not because scientists increase their productivity, but 
because more scientists contribute to the literature at the same average 
rate. If this rate of growth of users of the literatures is taken into ac- 
count, the probability of any new particular paper being cited remains 
constant. As far as earlier papers are concerned, the effect of growth is 
already implicitly included in the data collected. No corrections are 
needed. 
In the usage of a library, however, other factors have to be considered. 
Thus, if, as in Britain, a new comprehensive library such as the NLLST 
is established, its usage will increase as its services become known and 
appreciated. It is possible that the rate of growth of usage of a scientific 
literature will equal or exceed the corresponding rate of obsolescence 
and the startling phenomenon of negative obsolescence may then be re- 
ported. It is, however, simpler to recognize that any literature ages at a 
uniform rate but that some libraries, especially new ones, can hope to 
attract usage at a rate which exceeds the rate of obsolescence. A simple 
analysis of the effect of growth on obsolescence is given in the Appendix. 
There is some evidence, not yet wholly convincing, that scatter and 
obsolescence are positively correlated. It may be so, although at the 
present time there is no general agreement on how scatter should be 
defined or measured. The concept of scatter, except in the sense in which 
Bradford applied it to a comprehensive bibliography, is still vague. Yet 
there does seem to be a notion of scatter which is independent of com-
pleteness. For example, if 100 papers are selected at random from the 
literature of a subject and their sources are noted, one would expect that 
the number of sources so identified would be less than 100 and that the 
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fewer the number of sources, the less scattered the subject could be said 
to be. Unfortunately, the ratio of sources to number of papers selected 
at random can be shown to be a rather complicated function of the sam- 
ple size. If the size of the sample of papers is increased from 100to 200, 
the number of sources found in the sample of 200 is rather less than 
double the number found in the sample of 100. So, unless the sample 
size is standardized at, say, 100papers, there is little prospect of finding 
a simple means of scatter by sampling. Although this problem is being 
studied, the related mathematics is surprisingly intractable. 
It seems likely that scatter and obsolesceince are related,s but that both 
are determined by rate of growth-the faster the rate of growth, the less 
is the scatter and the more rapid the obsolescence. A relationship be- 
tween growth and scatter has been derived by Naranane in mathemati- 
cal terms, but bibliographic data are needed to test his theory in detail. 
The literatures of most scientific subjects continue to grow exponen- 
tially, as judged by the number of papers published per annum, with a 
rate of growth over all subjects which has doubled the annual output in 
approximately ten years. The new literature makes its appearance dra- 
matically in the copies of journals which ar library receives every work- 
ing day. The effects of obsolescence are much less dramatic: there is no 
external sign to indicate when the scientific utility of a journal has faded 
- Io0I 
Shelf-life (year9 : a=0.85 
FIG.6. The Contour Cut: Periodicals Discarded at Threshold Utility 
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into insignificance. Thus the literature of current scientific interest can 
be represented as the difference between an exponential growth and an 
equal exponential decay, but the growth line is well defined whereas the 
decay line is not. So the literature of current interest continues to grow 
but only as the difference between the curve of growth and the parallel 
but delayed curves of decay (figure 6). 
THEOPTIMUMSPECIFIEDPERCENTAGEOF U m m  FOR A 
LIBRARY PERIODICALS
OF SPECIALIST 
In this application Bradford's law is combined with the obsolescence 
law in the design of the most compact shelf-stock of periodicals which 
will provide any specified percentage of the utility obtainable from the 
acquisition and retention of the Bradford totality of N periodicals all 
with their complete book-runs.10 
In the calculation that follows, it is assumed that all the relevant pa- 
pers in the current issues of the complete set are of equal significance. 
This assumption is unlikely to be valid, for reasons mentioned earlier in 
this paper, but any error implicit in this assumption will yield a result 
which is on the conservative side. 
If we now consider the utilities of the periodicals ranked as a Bradford 
set, we note that the productivity of the periodical ranked m (which lies 
outside the nuclear zone) is proportional to N/m. Thus the total utility 
of this periodical will be proportional to Nu/m.As all the periodicals age 
at the same rate, the more productive of two periodicals will always have 
the higher residual utility at any age t .  If the library acquires the first 
m of the N ranked periodicals, then the periodical of rank m is at the 
minimum acceptable utility. The principle now applied is that the other 
periodicals are discarded when their residual utility declines to this 
minimum utility, i.e., equal residual utilities are discarded in the tails of 
each periodical. 
For any other periodical of rank n, where nsm, we then note that it 
is discarded after t years where 
Wua' = Nu/m 
which yields 
at=n/m 
so that the value of t can be read from the obsolescence graph. 
The total utility lost by discarding the tails of the m periodicals will 
be m Nulm = uN. The utility lost by not acquiring the periodicals of 
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rank (n + 1)to N and discarding the periodical of rank m almost im-
mediately will be 
u(N  log N / s  - N log m/s) = uN log N / m .  
We can therefore write 
uN + uN log N / m  = (1 - p)uN log N / s  
which expresses the fact that the utility discarded is equal to the fraction 
(1- p ) , where p = P/100, of the total utility of the complete Bradford 
set with all periodicals having full back runs. This equation yields 
log m/s = 1 + p log N / s  (8) 
from which m can be found for any specified value of p and known 
values of N and s. 
Figure 7 shows the patterns of the P% library for P = 50, 75 when 
N = 500, s = 2, and a = 0.85.The nuclear periodicals are worth retain- 
ing without limit. 
The “contour cut” just described is the most compact library, but it 
may not be the least costly because some of the periodicals of rank ap- 
proaching m are discarded soon after acquisition. The simplest specified 
percentage of utility for a library is obtained by acquiring the requisite 
number of periodicals and discarding nothing. The appropriate number 
of journals in this case, ml, is given by 
N log ml/s = pN log iV/s 
or 
ml = N*sl-*. (9) 
Comparing (9) with (8) we see that ml= m/e where e is the base of 
natural logarithms. So fewer periodicals are acquired but much more 
shelf space (and maintenance) is needed. The least costly solution is 
some compromise between these two solutions which depends on the 
relative costs of acquiring and of retaining and servicing the collection. 
Although the contour cut solution may seem to be elaborate, it merely 
formalizes the way in which large collections of periodicals are dealt 
with practically in busy but efficient libraries where the users are al- 
lowed access to open shelves and where shelf space is limited. In such 
cases, the solution is determined by careful observation of usage rather 
than by measurement of obsolescence and application of Bradford’s 
law. The volumes displaced from the open shelves are not discarded but 
are removed to closed-access stores nearby from which they can be re- 
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trieved on request by members of the library staff. The problem here is 
therefore to insure that the volumes on open access are those most fre- 
quently sought by users. The principle applied is to remove to closed 
access those volumes whose average usage declines to some minimum 
frequency. 
MEASURING OF RETROSPECTIVE SEARCHESTHE EFFEC~~VENE~S 
AND CURRENT AWARENESS ERVICES 
EFFECTIVENESS OF RETROSPECTIVESEARCHES 
Innumerable measures for quantifying the characteristics of informa- 
tion retrieval systems were proposed during the period of developing 
indexing languages and retrieval techniques during the 1950s and early 
1960s. These measures were first applied to experimental manual sys- 
tems with relatively small files and used with simple coordination of 
index terms which gave rise, for example, to Cleverdon’s ”inverse law 
of recall and precision.”’l Then Salton,12 during his pioneering work on 
the mechanization of retrieval systems, introduced normalized recall and 
precision and the idea of ranking the items of the search output in terms 
of various measures of relevance. During this period, too, SwetP pro- 
posed theoretical models of information retrieval systems which were 
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again based essentially on the coordination of individual index terms 
drawn from a controlled list of terms. 
Towards the end of that period the application of the computer to 
large data files became operational. And since that time, marked by the 
initiation of MEDLARS, the development of information systems has 
moved away from its obsession with the perfecting of index languages 
on sets of carefully prepared test-bed collections of well-indexed docu- 
ments into an operational phase of development. Although indexing is 
still done mainly by technicians, the formulations of search questions 
have moved away from simple coordination of index terms into a more 
mechanical phase in which more sophisticated search languages, includ- 
ing syntactic components, such as the Boolean logical constants, have 
been developed. Step by step the computer has mechanized operations 
previously performed by human operators; first, the relatively easy 
matching of a group of terms representing the search question against 
groups of terms representing the documents; second, the elaboration of 
matching techniques, and now the replacement of the more intellectual 
processes of indexing by mechanized statistical techniques applied to 
titles and abstracts. The ultimate objective is the elimination of human 
operators, apart from the computer technicians, a task that will almost 
certainly be completed when input devices suitable for reading texts 
directly into the machine become more versatile, and indexing in terms 
of statistical analysis by machine of natural language texts becomes the 
norm. 
In this phase of rapid technological development based on very large 
files and complex matching procedures, measures, empirical laws and 
theories derived from manual procedures and coordinate indexing have 
become increasingly inapplicable. The well-known average limits to 
effectiveness as measured by recall and precision seem to have become 
accepted as inescapably inherent in natural language descriptions. The 
only measure that remains directly applicable is precision, because that 
is the only measure that can be applied to the outputs of large mecha- 
nized operational systems. But precision by itself can be very misleading. 
Moreover there has been a shift of emphasis in operational systems from 
retrospective searching to current awareness services which are well 
suited to mechanization. As these powerful mechanized systems become 
established, new kinds of measure are needed; they will be more con- 
cerned with “user satisfaction” than with the efficiency of the searching 
mechanism itself. 
The effectiveness of the retrospective searches of large mechanized 
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information systems is likely to be measured (unfortunately) in terms of 
their comprehensiveness. And, as a general test of the comprehensiveness 
of a bibliography, the application of the Bradford law, described earlier 
in this paper, is the only one yet available. 
EFFECI"ESS OF CURRENT AWARENESS SYSTEMS 
Techniques of measuring user responses to current awareness (SDI) 
services are being developed by Leggate" and others. So far these tech- 
niques require the user to indicate which items he finds important, rele- 
vant but not important, and nonrelevant. Results of this kind can then 
be averaged and assessed using various conventional statistical tech- 
niques, although no single method has yet emerged which commands 
general acceptance. After all, the most critical test of operational sys- 
tems run on a commercial basis is whether they can attract subscriptions 
from their users on a scale which makes them commercially viable. 
One of the problems of concern to users of SDI services is that of cur- 
rency. Users naturally expect the computerized SDI services they pay 
for to be up to date in their printouts. The user does not expect to  see 
items which are a year or more old or which he knows have been super- 
seded. The user of SDI services expects good currency rather than com- 
prehensive coverage. Therefore, measures of currency are needed. 
A practical dacul ty  in measuring currency is that the date of publi- 
cation of a reference cited in an SDI printout, which is the nominal date 
of publication, may bear little relation to the date at which the reference 
was actually available in published form. So, in analyzing currency, the 
dates of the references should be measured, not from that quoted in the 
reference, but from the date of receipt of the source which, in an effi- 
cient library, is stamped on the source and corresponds to the day it was 
received. Random samples of the SDI output items can then be ex- 
amined in relation to the date of availability and a frequency distribu- 
tion of the delay in terms of months can be prepared. From such a statis- 
tical table two measures-the mean and the standard deviation-can be 
calculated, and both should be as small as possible. 
Few data concerning currency have been published, but on the basis 
of the evidence available it seems that currency data take the form of 
truncated normal distributions as can most easily be shown by plotting 
the cumulative sums of delay times on arithmetic probability paper. If 
the SDI system offers coverage of worldwide sources it is interesting to 
separate the items which are yielded by the national sources of the 
country of the SDI service from those items which come from other 
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countries or from sources in other languages. In such cases one is liable 
to find two or even three overlapping normal distributions with increas- 
ing means and standard deviations (figure 7 ) .  Until the SDI system can 
accept direct inputs from the foreign sources, this aspect of currency is 
difficult to overcome; books and journals take appreciable time to be 
transported around the world, to be indexed or to be translated before 
abstracting and indexing. 
One other irritant arises from the delayed publication of conference 
papers. These papers may bear the date of the conference but they may 
not be published in book or journal form for a year or more, and so they 
only then become available to the SDI service. Probably the solution to 
this difficulty arises from recognition of the difFerent needs of retrospec- 
tive searching and of current awareness. For comprehension the delayed 
conference papers need to be entered in the data base to be available 
for retrospective searches. But it is not necessary to compile the retro- 
spective data base only by cumulating the periodic SDI collections 
which provide the current awareness services. The two services do not 
need to depend on precisely the same inputs. 
FURTHER OF NUME~CN.APPLICATIONS ANALYSIS 
GOFFMAN’S GENERAL THEORY OF INFORMATION SYSTEMS 
The techniques of measurement applied to bibliography which have 
been described in the earlier sections of this paper have immediate 
practical application in the design of economic and efficient special li- 
braries and bibliographical networks. But these measurements are also 
leading to quantitative descriptions of the characteristics of bibliogra-
phies which are gradually giving shape to what was regarded, only a 
few years ago, as an amorphous immeasurable confusion in which the 
seemingly limitless exponential growth of publication was the only 
quantified aspect. These quantitative descriptions are needed for the 
development of theories about scientific communication. If information 
science is to become the science it explicitly announces itself to be, it 
needs to develop a theory which lifts the subject off its present ground 
of ad hoc technological development and gives it autonomy, depth and 
more creative objectives. 
A new area of analytical interest has been opened up by Goffman,15 
who has been exploring in detail the analogy between the dissemination 
of scientific knowledge and the spread of epidemics. He has analyzed 
the complete bibliographies of several emergent scientific descriptions 
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over periods of 100-200years. He has shown that some of the ideas were 
“endemic” with minor outbreaks occurring from time to time. A man 
with some new knowledge is rather like the carrier of an infectious dis-
ease, but the disease is transmissible only to “susceptibles” and there 
must be a critical density of susceptibles for an epidemic to occur. The 
importance of this work lies in three directions: (1)it provides a new 
empirical analysis of the growth of science which should illuminate the 
recent philosophical descriptions of this process; ( 2 )  it offers a means of 
predicting whether an epidemic growth of an emergent subject is likely 
to occur or not; and (3)  it establishes a basis for a much-needed general 
theory of communication which should give direction to the develop- 
ment of the worldwide information systems that are now being rather 
superficially discussed. 
The theory Goffman is creating rests on two established theories-on 
epidemiological theory and on the Shannon information theory16-which 
are applied together in the analysis of the information phenomena re- 
corded as comprehensive scientific bibliographies. The understanding 
of this theory requires competence in mathematics and statistics and 
cannot be summarized within the scope of this present article. It is men- 
tioned here because it is already providing spin-offs of immediate prac- 
tical interest. One of Goffman’s needs is the compilation of comprehen- 
sive scientific bibliographies which in itself is an exercise of practical 
interest since it reminds us that the existing computerized data banks 
can offer little help with this project and that there is a need for a world 
repository of the tapes on which these hard-won bibliographies are now 
being recorded in FAMULUS format. Such tapes, suitably tagged for all 
foreseeable kinds of bibliographical analysis, are needed to increase the 
number of susceptibles that Goffman’s own epidemiological theory of 
scientific growth requires for the epidemic growth of information sci- 
ence. 
THE COMPACTION OF BIBLIOGRAPHIES 
Although the computer has come to the aid of the bibliographer as a 
mechanism for compiling, editing, storing, and sorting the items that 
constitute the bibliography, it has done nothing to help in the task 
(which is not strictly that of the bibliographer) of sifting the grain from 
the chaff. The present ideal of the computerized data base is also that of 
the bibliographer-to compile everything. But if that means that the 
scientist in hot pursuit of some scientific objective is always going to be 
supplied with everything that is “relevant” whenever he asks for a retro- 
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spective search, he is going to be stopped in his tracks. The growth of 
science is all too often regarded as the steady accumulation of all knowl-
edge, a view which is symbolized by the ever-growing data banks of the 
operational computerized systems. But. in fact, science is the continuous 
reappraisal of the old in terms of the new which discards the old almost 
as fast as it generates the new. 
Until computerized data banks can reflect this more realistic view, 
their scientific users will become increasingly disillusioned with the 
lengthening printouts they receive. Work is therefore underway to de- 
velop methods of compiling, filtering and compacting scientific bibli- 
ographies so that current information can be presented in an immedi- 
ately useful assimilable form, Information on tape ages at the same rate 
as the same information stored in archival collections of printed periodi- 
cals. No useful purpose is served by the continued revival of obsolete 
material, even when it is done by computer. 
APPENDIX 

THERELATION BETWEEN GROWTH
AND OBSOLESCENCE 
It is known that a geometric sequence is obtained from the citation dates 
obtained from a homogeneous literature whether the literature is growing or 
not. So, in general, 
Uo = Ro/(l + u + aa + .. . + at-1 + . . . ) = Ro/(l - a ) .  (1) 
If the literature is growing exponentially at the rate g per annum, then after 
time t, Rt is given by 
R' Rae"'. (2)r z  
If the number of contributors (i,e,, users) is also growing exponentially but 
at rate sper annum, then 
U t  = Uoeal. (3) 
Differentiating(l),(2) and (3) with respect to t, substituting from (2) and 
(3) and simpIifying, we have 
da-= (s - g)(1 - a ) .  (4)at 
Clearly, if s = g, the value of a, as measured by citation counts, should remain 
constant. If s =ic, g, then, on integrating (4), we have 
(1 - at)  = (1 - ug)e(O-a)f (51 
where a,,is the value of a when t = 0. 
This result implies that while g # s the value of at will change from year to 
year.
In the only empirical test of ( 5 )  yet published, Oliver17 found that s and g 
were equal (within the limits of sampling error) for the literature of solid 
Numerical Methods of Anulysis 
state  physics and that a = 0.79at both the beginning and the end of a fve-
year period of rapid growth. 
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VOLUME, conditions of production, distribution, 
use, and bibliographical management of publications in all categories 
have become vastly more complicated in the twentieth century than ever 
before. Proliferation of research institutes and vastly increased financial 
support in all fields (but, last of all, the humanities) are striking phe- 
nomena of scholarship in our time. Problems this situation has created 
are both relieved and aggravated by the rapid development of mechani- 
cal technology such as microreproduction, sophisticated devices for 
composition and offset printing, and new systems for indexing and for 
compiling bibliographies. All are being constantly refined; in turn, the 
geometrically increasing volume of subpublication and the creation of 
new indexes generate new research and publication. Here is an appar- 
ently unending cycle, and the critical problem is bibliographical man- 
agement of masses of material which might otherwise be lost, or at least 
become most difficult of access. 
Methods of bibliographical control of the humanities did not change 
much between Konrad Gesner and Joseph Sabin. In the past monu- 
mental bibliographies have generally been the work of one man, e.g., 
Gesner, Hain, Brunet, Sabin, and Evans, although frequently their 
work must be continued by others (Sabin) or supplemented (Hain). 
In our time there are still the individual bibliographers, and they will, 
hopefully, always be with us; but there is a growing trend for major 
bibliographies to become “projects,” undertaken only by teams and 
then only with the prerequisite of substantial funds and often elaborate 
technical equipment. This arrangement is just as well whenever it is 
practical, for it relieves the creative, imaginative bibliographer of 
chores of which he is not worthy, or releases him for those for which 
only he is competent. 
Detailed, individual bibliographical scholarship is here to stay unless 
Lawrence S. Thompson is Professor, Department of Classics, University of Ken-
tucky, Lexington. 
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the whole definition of research in the humanities is changed. It would 
be as ridiculous for a textual scholar not to use a Hinman collator as for 
an administrative office not to use an offset machine; but the individual 
scholar’s direct control over the whole process is essential. One egre- 
gious example (of many) is Matthew J. Bruccoli’s F. Scott Fitzgerald, 
a Descriptive Bibliography (1972) requiring the concentrated effort of 
a single dedicated individual who is at once a scholar, a bibliographer, 
a collector, and a bird dog for minutiae buried in all manner of un-
likely places. Indeed, monumental works such as the Gesamtkatalog 
der Wiegendrucke and the Catalogue of Books Printed in the XVth 
Century Now in the British Museum are largely the work of individu-
als pulled together by a single agency or library, a fact clear to any 
reader of bibliographical journals. The pages of serials such as The Li-
brary and the Gutenberg Jahrbuch are strewn with the timber from 
which the great catalogs of incunabula were built. 
Always a special problem of humanistic and historical scholarship 
has been to identify quality or lack of it; and in no area is it so easy for 
the careless scholar to escape detection (for a while), or so easy for the 
superior scholar to be denied recognition he deserves in his time. One 
solution is to include everything in sight and let the reader make his 
own qualitative evaluations, the case with Hensley C. Woodbridge, et 
al., Jack London: A Bibliography (1966), a work which even runs 
down often insignificant reviews and partial translations into obscure 
languages. Yet here is the material from which we can explain 
London’s inflated reputation outside of North America. The other ex- 
treme involves a sovereign mastery of the field involved, identification 
only of cornerstone works such as we find in the late J. Christian Bay’s 
masterful “Three Handfuls of Western Books.” No mechanical device 
can make the decisions that Woodbridge or Bay faced. 
A factor of increasing importance for humanistic bibliography is the 
official and private subsidy. Only the Lilly Foundation has made the 
Bibliography of American Literature possible; and many another bibli- 
ographical work acknowledges the assistance of foundations, great and 
small (not all of which spend their money as wisely as Lilly). 
UNESCO has aided very substantially in compilation and publication of 
bibliographies of translations, philosophy, history of religian, color 
reproductions of paintings, and other subjects; and, on a national level, 
the Deutsche Forschungsgemeinschaft, the Centre National de la Re- 
cherche Scientifique, and the National Endowment for the Humanities 
(much more poorly supported, relatively speaking) have had much the 
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same role. In general, however, funds are likely to go to individuals 
and groups which are most familiar with the routines, formalities, and 
verbal expression for making requests, not necessarily to the most ur- 
gently needed works. In the age of the welfare state there is a new 
meaning for Ovid’s “inopem me copia fecit.” 
An element which always has and always will plague bibliographers 
is the matter of currency. Every bibliography is out of date the moment 
it stops at a terminus ante quem. The impatience of scholars for a bibli- 
ographical record often creates duplication through the compilation of 
“preliminary handlists” and splinter bibliographies for specialists in a 
narrow aspect of a larger field, Fortunately, current bibliography is 
much more common in this century than ever before. It was not suffi-
cient for W. F. Poo!e to index nineteenth century periodicals, and it 
was necessary to set up the Readers’ Guide to Periodical Literature on 
a regular, current basis. In a subject field such as classical studies it was 
not satisfactory to have at hand only the sequence of noble bibliogra- 
phies by Engelmann, Klussmann, Lambrino, and Marouzeau. L’Annhe 
philologique had to be created to assure scholars of comprehensive 
coverage of their field on a current basis. Most other fields of the hu- 
manities have also come under current bibliographical coverage in the 
twentieth century, although some, such as linguistics, are relatively 
late, e.g., the Bibliographie linguistique, beginning publication only in 
1949 but, happily, covering 1939 to date. I t  seems unlikely and is prob- 
ably not even desirable for any field in the humanities to aspire to im- 
mediate bibliographical coverage, imitating, for example, the bibliogra- 
phers of the medical trades, since the quality of work in the humanities 
varies so widely. 
We have noted that the eagerness of twentieth-century scholars for 
current bibliographical coverage of their fields and up-to-date refer- 
ence books often results in duplication and overlap, but in many cases 
this situation is justifiable. Selective bibliographies for students and 
nonspecialists are necessary to help the inexperienced and to provide a 
point of departure for the old hands. Thus the classical scholar who 
needs to have a quick conspectus of some area with which he is not 
familiar need not wade through Pauly-Wissowa and Der kleine Pauly 
( lga-date),  for he can generally find immediately needed references 
in the Lexikon der alten Welt  (1965) or the second edition of the Ox-
ford Classical Dictionary (1970). Several decades ago the British Mu- 
seum found that it was necessary to issue short-title catalogs of its pre- 
1601 imprints in various jurisdictions, a duplication of its general cata- 
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log and of its catalog of fifteenth-century imprints, Today this activity 
is being extended with V. F. Goldsmith's A Short-Title Catalogue of 
French Books, 1601-1700,in the Library of the British Museum ( 1969-
date). On the other hand, Suzanne and Paul-Henri Michel's Rdpertoire 
des ouvrages imprimbs en langue italienne au XVZZ sidcle comerot% 
duns les bibliothdques de France (1967-date) includes many titles and 
copies not in the BibliothAque Nationale and recorded in its catalog. 
Hopefully Goldsmith and similar works can be expanded to or supple- 
mented by a similar union catalog and show locations even beyond 
those in the book form National Union Catalog (currently being 
printed at a fantastic but justifiable price by Mansell of London). 
A more reprehensible source of duplication is generated by scholars 
who publish books and accompanying bibliographies on the same per- 
sons or subjects. At times such duplication is proper when one study is 
patently inferior; but too many scholars are too stubborn to give up a 
research project even when they learn at an early stage that there is a 
competitor. Even a brief check of the bibliographies of bibliographies 
in various jurisdictions, language areas, and subject fields will show 
how widespread this situation is; but there is little that can or, indeed, 
should be done about it. 
In the remaining parts of this article it will be possible to provide 
only a resume of current trends in selected fields of humanistic bibliog- 
raphy and to indicate how they reflect some of the conditions noted in 
the earlier paragraphs. Older works will be noted only insofar as they 
are pertinent for the later twentieth century. Two previous issues of 
Library Trends have been put together as Bibliography, Current State 
and Future Trends (1967), edited by Robert B. Downs and Frances B. 
Jenkins, and provide much more detail than can be given here. Exam- 
ples selected for discussion will be from genres of bibliography (e.g., 
dissertation and periodical indexes, bibliographies of homage volumes, 
comprehensive and partial library catalogs ), technology and its effects 
on bibliographies (e.g., microforms and catalogs thereof, cheap re- 
printing in eye-readable form, and computers and related 
instruments), trends in humanistic scholarship (e.g., the newer textual 
criticism), and a few selected fields such as literary history, linguistics, 
philosophy and religion, and music which have been or may be af- 
fected by conditions (old and new) for humanistic bibliography and 
by recently developed methods and aids to scholarship. 
A special plague of librarians and bibliographers from the sixteenth 
century to the present has been the academic dissertation. The problem 
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has been more aggravated in the humanities than in the sciences, since 
the results of doctoral research in the latter usually appear as journal 
articles, whereas a large proportion of those in the humanities are bur- 
ied in manuscript form in the libraries of institutions where they were 
presented. There are, to be sure, national lists such as the Jahresuer-
zeichnis der deutschen Hochschulschriften ( 1885-date) and, much 
more recently in other major countries such as the United States (1933- 
date), Great Britain (1953-date), and the U.S.S.R (1958-date). How- 
ever until quite recently, dissertations as a genre have not been ana- 
lyzed in detail by subject. During the last decade there have been sev- 
eral useful bibliographies which meet the needs of the modern subject 
specialist, although most of them have been confined to the United 
States, Canada or Germany. Such is not the case with one of the most 
recent, Leonard H. D. Gordon and Frank J. Schulman’s Doctoral Dis- 
sertations on China; A Bibliography of Studies in. Western Languages, 
1945-1970(1972), the first number in a series initiated by the Associa- 
tion for Asian Studies. Hopefully there will be complementary volumes 
on pre-1945 titles and Chinese and Japanese titles. Other occidental 
lists would do well to include oriental, above all, Japanese doctoral 
work. Although works such as Gordon and Schulman pull together ma- 
terial that is otherwise recorded only in institutional or national lists, 
neither it nor most of the others are indexed in depth. Such is not the 
case with the present writer’s Bibliography of American Doctoral Dis-
sertations in Classical Studies and Related Fields (1968) in which 
there are four subject entries to each author entry. It was suggested to 
the compiler that a system such as KWIC be used for indexing, but it 
was soon ascertained that this device was only a quick way to avoid the 
scholarly bibliographer’s primary responsibility for adequate subject 
indexing. To visualize the KWIC system’s treatment of a title such as 
The Elder Turtles of Aigina (on numismatics) would be shock treat- 
ment for the imagination. Mechanical indexing has a rocky road ahead 
in most aspects of humanistic subject bibliography, but there is an un- 
deniable potential. 
A somewhat similar problem is posed by homage volumes, especially 
when they are not special numbers of periodicals or other serials in- 
dexed regularly in the appropriate organs. The older Festschriften pro- 
vide a special challenge, and it has been met in several fields in recent 
years. Dorothy Rounds did the job for classicists with her Articles on 
Antiquity in Festschriften (1962), and Harry F. Williams did it for a 
subsequent period with An Index of Mediaeval Studies Published in 
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Festschriften, 1865-1946,with Specfal Reference to R m n i c  Material 
(1951). Herbert H. Golden and Seymour Simches did the same for 
French, Italian, and Iberian literatures and languages in a series of bib- 
liographies published in the 1950s. Students of English, German, Scan- 
dinavian, Slavic, and Celtic studies need similar tools. Where, for ex- 
ample, can one find references to the treasury of studies on mid-Ameri- 
can speech in Gordon Wilson, Sr., Folklore of the Mammoth Cave Re- 
gion (1968), edited by Lawrence S. Thompson for the honoree’s eighti- 
eth birthday? 
Periodical indexing in the humanities has never been as satisfactory 
as it is in the sciences. Even a massive work such as Chemical Abstracts 
is reasonably sure to cover the great majority of the significant litera- 
ture in the field, but no index in any field of the humanities can boast 
of the same adequacy. The sciences are measurable, subject to defini-
tion in precise terms, the humanities are not. Further, most serious 
journals in the physical and biological sciences are refereed, a policy 
adopted widely in the humanities only in recent years. There are liter- 
ally thousands of serials which print articles, reviews, and notes at the 
whim of the editor. They are good, bad, and indifferent, mostly of the 
latter two categories. But how are they to be evaluated for purposes of 
the bibliographical record? The corpus is so vast that only students in 
specialized fields such as classical epigraphy or prototypography (both 
of which have their own bibliographies) can easily identify that which 
is essential and scholarly. In a field such as national literary history the 
way of the bibliographer is even more deceptive: a serious study of a 
regional author may appear in the organ of a local historical society, or 
a critical analysis of a composer of sectarian hymns could be encaved 
in the pages of the bulletin of a little-known theological seminary. 
There will always be a place for the Readers’ Guide to Periodical 
Literature in public libraries, and scholars in any field of the humani- 
ties will neglect it at their own peril. So too we need indexes of a na- 
tional scope, particularly for smaller countries, such as the Dansk 
Tidsskrift-Index and the Index to South African Periodicals. Whether 
the monumental Internationale Bibliographie der ZeitschriftenliteratuT 
justifies the expense of compilation and the cost to libraries for acquir- 
ing, shelving, and interpreting it to confused readers is questionable. A 
large proportion of the material is indexed elsewhere on a current ba- 
sis, and specialists can find it, The general reader is easily satisfied with 
indexes of much more modest proportions and reviewing organs which 
are available in the average research library. Comprehensive indexing 
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of all material in serials, with adequate subject analysis, is a desidera- 
tum with a fairly low priority. I t  is not feasible with human and techni- 
cal resources available a t  present, but it is not beyond possibility. An 
alternative, not beyond possibility either, is authoritarian suppression 
of unimportant serials, 
The demise of the old Bibliographie der Rezensionen und Referate 
(1900-1943) was a blow of major consequence to humanistic scholar- 
ship. Reviews, however uncritical, brief, or apparently insignificant, are 
a fundamental key to the reputation of an author or the spread of an 
idea; and the critical reviews frequently add substantially to the sub- 
ject matter at hand. The Book Review Digest (1905-date) and the Le-
topis' retsenxii (1935-date) are national in scope; and the national peri- 
odical indexes and subject bibliographies are not consistent in listing 
reviews. There seems to be no practical solution at present for provid- 
ing comprehensive access to reviews in the humanities. 
The last quarter of a century has witnessed an enormous advance in 
the production of library catalogs, the fundamental bibliographical 
tools for students in the humanities and social studies. When the 167 
volumes of A Catalog of Books Represented by Library of Congress 
Printed Cards appeared in 1942-46, it was not only a great accomplish- 
ment in itself but also a challenge to get other basic catalogs (above 
all, that of the British Museum) into print. G. K. Hall of Boston and 
Mansell of London have perfoimed important services for humanistic 
scholarship in this field. Catalogs such as those of the Hispanic Society 
or the Wing Collection in the Newberry Library provide bibliographi- 
cal information and much more direct access to these great collections 
than scholars have ever had before. The Deutscher Gesamtkatalog was 
perhaps the major bibliographical casualty of the 1939-1945 war; and, 
while there is little hope of its resumption (showing, inter a h ,  books 
recorded in the first fourteen volumes which no longer exist), the very 
useful German regional union catalogs might someday be interfiled and 
printed in book form. Perhaps more immediately practical are works 
such as the Svodnyi katnlog russkoi knigi graxhdanskoi pechati X V I I I  
veka (1962-1966), a well-nigh complete catalog of eighteenth-century 
Russian imprints. Eighteenth-century scholars in western Europe are 
urgently in need of similar works for their linguistic areas. Such a proj- 
ect has been widely discussed for several years by students of eigh- 
teenth-century English literature. 
A category of library catalogs of particular interest to humanistic 
scholars are catalogs of incunabula, Frederick GoFs Incunabula in 
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American Libraries; A Third Census . . . (1984) is the third successful 
effort to record fifteenth-century imprints in North American libraries; 
and the strong backing of the sponsor, the Bibliographical Society of 
America, makes a fourth census a reasonable certainty in due time. On 
the other hand, the Gesamtkatalog der Wiegendrucke presents prob- 
lems of considerably greater magnitude. Halted at the end of Liefer- 
ung 1of volume VIII, the GW is now underway again with the valiant 
efforts of the staff of the Inkunabelabteilung of the Deutsche Staatsbib- 
liothek (East German torso of the old Preussische Staatsbibliothek). 
I t  receives relatively little support other than from libraries, individual 
scholars, and the publishers, Hiersemann of Stuttgart and H. P. Kraus 
of New York. The great foundations and the official agencies of all na- 
tions have invested far greater sums in projects of far less value. 
A serious problem for humanistic scholarship is bibliographical con- 
trol of microforms. When microforms became widely used in the late 
1930s, they were produced in geometrically increasing quantities, with 
little thought of the problems of identification and cataloging. One ma- 
jor project, that of the microfilm edition of English books printed be- 
fore 1640, based on A. W. Pollard and G. R. Redgrave’s A Short-Title 
Catalogue of Books Printed in England, Scotland and Ireland and of 
Books in English Printed Abroad to the Year 1640 (1926), was accom- 
panied by catalog cards, but these cards were produced on the initia- 
tive of and by an institution, not the publisher. Fortunately, the film is 
identifiable by STC number and can be retrieved simply by checking a 
copy of the STC; but this is not true of many other microform projects 
of staggering proportions. One, with well over 10,000 titles, even at- 
tempts to remedy the deficiency of cataloging by printing a form card 
with the name of each author in the collection, indicating that all of his 
works published in the chronological and regional scope of the project 
are available in the collection! Today the gospel of providing catalog 
cards to accompany microform editions has still not yet penetrated to 
all publishers. Alone among microform publishers at this time, the 
Erasmus Press, Falls City Microforms, the Lost Cause Press, and General 
Microfilm provide catalog cards for all of their publications, without 
exception, running to some 8,000titles in 1972. 
In addition to providing catalog cards, each group should be accom- 
panied by a list, and these lists should be cumulated, in full biblio- 
graphical detail, into book catalog with supplements as necessary. The 
first catalog of this type was that of G. William Bergquist, Three Cen- 
turies of English and American Plays (1963), recording some 5,000 ti-
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tles in the project to copy on “microprint” British plays, 1500-1810, and 
United States plays, 1714-1830. The French, Spanish, and German 
plays issued by Falls City Microforms, much larger in scope in each 
instance, are represented by printed catalogs, and supplements are in 
preparation. Falls City’s catalog of its English and American plays of 
the nineteenth century on microfiche is in press, and so too is its cata- 
log of French revolutionary pamphlets on microfiche. A very impor- 
tant by-product of adequate catalog cards for microforms is that the 
way is then easy to inclusion of all titles in the National Union Catalog 
of Microforms. Bibliographical control of microforms on all fronts is a 
critical problem for libraries today; and, as one frustrated scholar faced 
by thousands of improperly indexed and cataloged rolls said, he would 
prefer the chore of mulgere hercum. 
Along with microforms, the major technical development of our 
times is mechanized information retrieval. Although many devices such 
as edge-notched cards, see-through or “feature” cards, and related sys- 
tems can often be applied to problems in humanistic research, we can 
discuss here, and then only very briefly, the impact of the high-speed 
digital computer and its offspring and elaboration in the last two de-
cades. Its impact on the field of humanism has been mainly in the area 
of indexing and compilation of concordances, although it also has a po- 
tential use for detailed textual studies. Matters such as variant texts 
and readings, compositors’ errors of all varieties, or all types of typo- 
graphical problems might well be subjected to computer analysis; but 
only the human machine can identify ghosts, deliberate interpolations 
or deletions, or psychological conditions of the author and compositor. 
The journal Computers and the Humanities, published at Queens 
College of the City University of New York in Flushing, has some 
highly suggestive articles. For example, a study of a project for a con- 
cordance to Faust ( IV [1970], 161-171) by Theodore C. Hines, Jessica 
L. Harris, and Charlotte L. Levy offers a method which can readily be 
applied to other similar literary works, The series of Deutsche Wort-
indices being issued by de Gruyter in Berlin has covered Buchner’s 
works and Keller’s Die Leute von Seldwyla and Der griine Heinrich 
thus far. The machines have produced work that a Cruden or a Bartlett 
might have relegated to underpaid amanuenses, but with considerably 
greater accuracy. The final printout is not as pretty as a typographical 
job, but it is equally practical, On the other hand, no aspiring young 
scholar should view the editing of a computer-produced concordance 
as a quick road to fame. The editor must apply the same critical judg- 
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ment to the preparation and execution of the work as did Cruden or 
Bartlett. But he will not be responsible for routine chores of which the 
mind of man is unworthy, and can apply himself to greater refinement 
of the job at hand. Such has been the role of mechanical devices in the 
world of the intellect ever since the chisel was supplanted by the cala- 
mus. 
The flowering and refinement of two older technologies, offset print- 
ing and photography, is the basis of the modem eye-legible reprint in- 
dustry; but the great expansion of the reprint business in the last two 
decades has been due mainly to the proliferation of higher institutions 
and their libraries in Western Europe and America and the increased 
financial resources of the older ones. Again here, scientific works were 
the first to be reprinted; but in the 1960s there was a veritable deluge 
of reprints in the humanities and social studies, estimated to be equal 
to all previous reprints since Senefelder’s invention was used by book 
publishers. In particular humanistic bibliography has benefited, and 
not simply by having back in print fairly recent books. Thus the 1755 
edition of Lione Allacci’s Drammaturgia, never superseded, tedious as 
it may be to use, has been reprinted by the Bottega d‘Erasmo of To- 
rino. Several of the invaluable bibliographies of nineteenth-century au- 
thors by Thomas James Wise are now available again, a situation about 
to trigger reprints of the Wise forgeries themselves! Medina’s invalu- 
able Hispanic-American bibliographies, nearly all on wretched paper, 
are now available in much more durable form. In general the reprint- 
ing of humanistic bibliographies has been more judicious than reprint- 
ing in most other fields, although there have been a few bibliographies 
that might better have been put aside for revision and expansion. 
A significant trend in literary scholarship which is having a profound 
effect on descriptive bibliography are the methods of textual analysis 
developed by Walter Greg and Fredson Bowers and his school. For a 
half century now bibliographical scholars have been examining the 
texts of older English writers and bringing to bear every technique of 
typographical and other physical evidence, as well as circumstances of 
composition and transmission of the author’s original, to establish reli- 
able texts. There has been an especially strong emphasis on this variety 
of bibliography in the United States; and it has spread wherever Bow- 
ers’s students have moved from its fons et origo at the University of 
Virginia. For example, a group of bibliographical scholars at the Uni- 
versity of South Carolina has established a counterpart to Studies in 
Bibliography (organ of the Bibliographical Society of the University of 
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Virginia) in the form of Proof, the Yearbook of American Bibliographi- 
cal and Textual Studies (1971-date), The “Pittsburgh Series in Bibliog- 
raphy’’ from the University of Pittsburgh Press has already produced 
noteworthy bibliographies of Hart Crane and F. Scott Fitzgerald in 
this new tradition. The Indiana edition of Howells and the Ohio State 
edition of Hawthorne have applied the Greg-Bowers methods to classic 
American authors with salubrious results as far as the establishment of 
a proper text is concerned. In the future historians and critics of litera- 
ture will be treading on dangerous ground when they do not have reli- 
able texts at their disposal. 
The enumerative bibliography of current literary scholarship has 
been revised and reorganized substantially in the last quarter of a cen- 
tury. At the end of the 1930s only classical and German studies, among 
literary disciplines, had adequate current bibliographies in L’Annbe 
philologique and the Jahresbericht iiber die wissenschaftlichen Er- 
scheinungen auf dem Gebiete der nerceren deutschen Literatur (1921-
36/39). The expansion of the old MLA Bibliography to the MLA In- 
ternational Bibliography in the years after 1955 has been the most sig- 
nificant event of our time in the field of enumerative literary bibliogra- 
phy. It indexes well over a thousand serials as well as books, Fest- 
schriften, and other vehicles of scholarly publication. It is not difficult 
to find secondary or ephemeral work cited here, but what editor or edi- 
tors can easily develop a better policy? 
As we have noted before, the specialist is rarely satisfied by omnibus 
bibliographies covering all of his broad field on account of their tardi- 
ness, their lack of critical perspective in many cases, and their omis- 
sions. The Renaissance scholar, for example, has been nourished from 
his academic cradle on the annual bibliography of his field in Studies 
in Philology and is not eager to have to excavate his references from a 
massive work fifty times its size. The annual American Literary Schol- 
arship (1963-date) states in the foreword that there is active collabora- 
tion with the MLA International Bibliography’s editors, thus frankly 
admitting the need for some little duplication. On the other hand, 
American Literary Scholarship continues a long tradition of critical, 
narrative bibliography begun a century ago by Bursian’s Jahresbericht 
(continued by Lustrum, 1957-date) for classical studies, the Year’s 
Work in English Studies (1919/20-date), the Year’s Work in Modern 
Language Studies ( 1929/30-date), and Germanistik (1960-date). En- 
tries may be duplicated, but the critical analysis is an urgent need of 
serious scholars. 
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Much more distressing is the duplication of the biennial Bibliogra-
phie der deutschen Literaturwissemchaft (Frankfurt am Main, 19451 
53-date ) and the Jahresbericht fur deutsche Sprache und Literatur 
(Leipzig, 1940/45-date). However, there are other equally grave du- 
plications of bibliographies in the two Germanies, notably the national 
bibliography, and it must be recognized (with regret) that the bibliog- 
rapher cannot influence the politician. 
One of the major improvements in coverage of current publications 
on a national literature is Otto Klapp's Bibliographie der franzosischen 
Literaturwissenschaft ( 1956/58-date), There was, of course, the useful 
bibliography in the Revue de l'histoire littkraire de la France (1894-
date), but it was far from being as extensive in coverage as the work 
established by Klapp. Presumably the Repertorio bibliografico della 
litteratura italiana ( 2 vols., covering 1948-1953) will be continued, just 
as it continues Prezzolini; but a current bibliography is needed ur- 
gently. Hispanic studies are in a much worse shape. If the old Bibliog-
raphie hispanique, issued annually from 1905 to 1917 by the Hispanic 
Society, could be revived on a broader basis to include all Hispanic and 
Luso-American areas, a serious lacuna in modern literary bibliography 
would be filled. The splintering of Hispanic culture and the lack of a 
recognized metropolis is a deterrent. In the Soviet Union Novaia so-
uetskaia literatura PO literaturovedeniiuand Novaia inostrannaia litera- 
tura PO literaturovedeniiunot only cover Russian literature adequately 
but also pick up a great deal that is missed by the MLA. 
Linguistic bibliography was largely confined to works for students 
of single language or groups of languages until the Bibliographie lin- 
guistique (1948-date) began to appear annually in 1951, supplement- 
ing the two volumes of the Bibliographie linguistique des annQes 1939-
1947 (1948-1950). It covers the languages of the world, thus overlap- 
ping to some degree the MLA International Bibliography and bibliogra- 
phies of national literatures and languages. Most appropriately, it has 
been supported by UNESCO. From 1913 to 1948 there was adequate 
critical bibliography of Indo-European languages in the Indogerman-
isches Jalirbuch, a serial continued by Kratylos; kritisches Berichts- und 
Rexensionsorgan fur indogermanische und allgemeine Sprachwissen- 
shaft ( 1956-date), Linguistics, perhaps as much as any discipline, needs 
a current critical review of the literature, particularly in view of the un- 
certainty and divergence among scholars about such matters as the lan- 
guage of Linear B or the languages of Asia Minor in the second millen- 
nium B.C. Further, linguistic bibliography needs to expand to coverage 
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of related literature in biological and behavioral sciences, areas which 
have not always had the full respect of linguists in the older tradition. 
Philosophy is another field which has enjoyed the budgetary favors 
of UNESCO. The useful Re'pertoire bibliographique de la philosophie 
(1949-date), published quarterly in Louvain by the Institut Supdrieur 
de Philosophie indexes virtually all important philosophical journals 
and also picks up pertinent articles in other journals. There is a list of 
book reviews in the November issue of each year. The Bibliographie de 
la philosophie (1937-1958; superseded by a quarterly of the same title, 
1954-date) is now an abstract journal covering books only. Section 19 
of the Bulletin signule'tique of the Centre National de la Recherche 
Scientifique (C.N.R.S. ) covers philosophy and indexes journals from 
the entire world, giving brief abstracts in French. Despite some dupli- 
cation, the current bibliography of philosophy is in good condition, cer- 
tainly much better than it was a half century back when the philoso- 
pher had to depend on Uebenveg and several current sources of biblio- 
graphical information. 
UNESCO has also favored a related field by subsidizing the Znterna-
tional Bibliography of the History of Religions (1954-date)) issued un- 
der the auspices of the International Council for Philosophy and Hu- 
manistic Studies and the International Association for History of Reli- 
gions. It records journals and books and includes all major religions, 
ancient and modern. Unfortunately, it is quite tardy in appearance, a 
factor which limits its usefulness as a current tool. Since 1949 the 
American Theological Library Association has been issuing the Index 
to Religious Periodical Literature, a work which has grown considera- 
bly in scope but is still far from providing adequate coverage of the 
field. Retrospective bibliography of the history of religion and of theol- 
ogy in general must be picked up from a variety of sources; but the 
best points of departure are the third edition of Die Religion in Ges- 
chichte und Gegenwart (1956-1962) and the second edition of the Lex-
ikon fur Theologie und Kirche (1957-1966). There is considerable over- 
lap in the bibliographies of philosophy and religion, but it would be 
difficult to avoid. Scholars in both fields need their own bibliographies, 
current and retrospective. 
The bibliography of music and musicology is rich, although it faces 
several problems, especially the matter of being up to date. Both the 
Bibliographie des Musikschrifttums ( 1936-date) and the Music Index 
(1949-date) are quite late in appearance. The latter indexes some 200 
periodicals, but the former also includes books, reviews, and essays in 
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sources other than journals. A subsidy from some official source might 
help both to be more prompt. Retrospective music bibliography must 
be gathered from various sources, but Die Musik in Geschichte und 
Gegenzoart (1951-1968)will get the scholar off the ground in most sub- 
jects. The bibliography of music itself is generally covered adequately 
on a national basis. 
A few broad conclusions may be drawn about the current status of 
humanistic bibliography. Due to the proliferation of publication in all 
fields, bibliographers have had to expand their activities greatly, often 
with financial assistance from governments and foundations on a scale 
unprecedented before the middle of this century. The expansion of cur- 
rent bibliographical coverage to several fields which have not hitherto 
enjoyed it is an encouraging sign; but there are still areas which do not 
have current bibliographies relating especially to these subjects. The 
development of monumental bibliographies covering many fields, nota- 
bly the MLA International Bibliography, is a source of some duplica- 
tion and overlap, but much of it is justified. Political conditions have 
influenced scholarship as never before, and, in the case of the two Ger-
manies, have been responsible for much wasted effort in the form of 
duplication of work. One area of partial duplication is in the form of 
the critical narrative resumes of current research such as Lustrum or 
Kratylos; but these organs serve a useful purpose in pulling out the 
truly relevant material. The coverage of material other than periodical 
articles and books, notably essays in homage volumes and dissertations, 
has improved substantially in the last quarter of a century, and the 
problem now is to keep such bibliographies up to date or to insure that 
the material appears in other current organs and is adequately indexed. 
Some fields still suffer from the tardiness of their current bibliogra- 
phies, but this is an old complaint that extends to all varieties and 
genres of humanistic scholarship. 
It may properly be asked whether existing bibliographies, both serial 
and nonserial, in the humanities reflect trends in scholarship or even 
meet the needs of humanistic scholarship today. The answer is, in gen-
eral, negative. I t  may safely be stated that no bibliography has ever 
been universally satisfactory, and this situation is particularly true in 
the humanities for reasons already indicated. But it is not too difficult 
to identify areas where improvement is possible, if only time, energy, 
are funds are available. Perhaps the greatest need is subject indexing in 
depth. No index can be too detailed. A classified arrangement of a bib- 
liography or an encyclopaedia with only an index of names is rardy 
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satisfactory. To identify the varied trends in modern textual criticism, 
to pull together all the outgrowths of the Chomsky school of linguistics, 
to identify new techniques of programming computers for indexes and 
concordances is not possible without the expenditure of needless hours 
or days of effort to wade through a monolithic work such as the M L A  
Znternational Bibliography. The ideal for many specialists is a narrative 
critical bibliography of the “Year’s Work” genre, currently exemplified 
in such organs as Lustrum and Kratylos. Even bibliographies without 
annotation but confined to narrow fields will reflect trends and methods 
of research to the specialist who knows the field well, but not to the 
outsider. The “Checklists” in Studies in Bibliography mean relatively 
little to the scholar who is not already au jour with the rapid changes 
in this field that are taking place today. 
Perhaps one of the gravest deficiencies of bibliographies of fields in-
ternational in scope is the failure to cover all countries and all lan- 
guages with equal effectiveness. There is still a vast corpus of Soviet 
literature in all fields before the 1960s which was not identified and re-
corded by bibliographers in western Europe. A cursory examination of 
Znternational Bibliography of the History of Religions and the Index to  
Religious Periodical Literature and of the Rbpertoire bibliographique 
de la philosophie reveals serious lacunae in coverage of the literature in 
oriental languages. Such gaps are partially filled by specialized bibliog- 
raphies of Islamic studies, Indology, Japanology, and so on; but many 
of these bibliographies are closed books to the student of the history of 
philosophy or religion on account of the lack of annotation of work in 
non-European languages. The linguistic arrogance of the European 
from the Alexandrians on has forced the Oriental to read or even write 
in Greek, Latin, French, German, or English in different ages. In the 
meanwhile, those who read only in the latter three languages, or under- 
stand bibliographies only in these languages are committing grave er- 
rors of omission, We will only know how grave this situation is when 
the coverage of each “international” bibliography is examined with 
careful attention to detail. 
Humanistic bibliographers can look back with some pride on their 
achievements since 1945, but the challenge of the future is grave. 
Above all, the humanities must seek a larger share of government and 
foundation funds. As long as they are available, they should be divided 
equitably among the various fields of human endeavor. More interna- 
tional cooperation, particularly in fields that are not limited to national 
interest such as literatures and language, will provide the bases for bet- 
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ter planned bibliographical control and make humanistic projects more 
attractive to those who give financial aid. A careful watch must be kept 
on technological developments and every effort made to take advan- 
tage of them to cut down on drudgery and to expand bibliographical 
coverage of all varieties. The bibliographer still needs to remind the 
nonbibliographical scholar that our work provides the sinews of any 
discipline. To paraphrase Seneca, Biblioteca sine bibliographia mom 
est, et librorum virorumque sepultura. 
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of Scientific Bibliographies 
R. T. BOTTLE 
WHATMORE can be obtained from bibliographies 
than access to the primary literature for which they serve as keys? Be- 
cause they are ready-made collections of documents about a particular 
facet of science or technology, they are increasingly being used as source 
material by historians and sociologists of science. Unquestionably they 
record the (recent) past; can they be used to predict the future? If the 
answer is even “possibly,” then it would be a very valuable exercise to 
analyze them. 
Analyses of bibliographies would provide an alternative to asking the 
opinion of experts about the likely course of future events, a sophisti- 
cated version of which is the so-called Delphi technique. The experts 
are, of course, familiar with all aspects of a subject, including its litera- 
ture, and may well have assessed intuitively trends in the literature 
which will form part of their judgment of that subject’s future. 
Literature trends can be quantitatively observed without expert 
knowledge of a specific subject and possibly provide an industrial com- 
pany, for example, with predictive material without the need to di- 
vulge its interest in the subject to an outside expert. These two ap- 
proaches exhibit distinct analogies with the so-called fundamental and 
chartist approach to investment analysis-both of which are considered 
notoriously unreliable! The major difference between the approaches is 
the time scale involved; while investment analysis charts can point 
quite quickly to a change in the underlying factors involved, the publi- 
cation of research is the culmination of a process where the operative 
decisions were perhaps made several years previously-indeed a deci- 
sion to abandon further work on the project may have been made long 
before even a draft manuscript of an eventual publication had been 
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written. In the case of a scientific research program there is usually suf- 
ficient momentum established quite early to continue the publication 
rate for quite some time after it has been decided to terminate it. 
Trends observed in bibliographies right now, therefore, will be the 
reflection of events which occurred some years earlier. They can often 
be successfully extrapolated a few years into the future; it may even be 
postulated that, because of the momentum which a research program 
acquires, they will continue until such time as a constraint affects them 
(an obvious analogy with Newton’s laws of motion). An example of a 
constraint is a change in policy by a major publisher, and this will be 
independent of the research scene. As publishers normally plan four or 
five years ahead, this period represents approximately the maximum 
time for which extrapolation procedures are valid. 
While the literature abounds with qualitative prophecies of doom1 
that science will become buried under its own literature and that com- 
munication between research workers will break down and so forth, it 
is difficult to find many quantitative predictions made some time ago 
which can now be tested for validity. In an earlier publication2 I was 
rash enough to suggest that it might be possible to predict the future 
size of Chemical Abstracts from the equation log C = 4.415+ 0.0464n 
where C is the number of columns and n is the number of years since 
1960. This prediction, which owes much to an earlier study by Strong 
and B e n f e ~ , ~  was followed quite well up to 1962, but then the observed 
growth changed to a lower rate and was subject to much wider fluctua- 
tions than previously (see figure 1).In 1957 Crane intimated by means 
of a graph that the number of papers abstracted by Chemical Abstracts 
would rise to about 125,000by 1965.4 The number actually published 
in 1965 was nearly 170,000.5 Perhaps errors of about one-third are ac- 
ceptable or the best we can expect from such bibliometric predictions 
projected beyond two or three years. (If Crane could not predict the 
future of Chemical Abstracts any better than this, what hope is there 
for lesser mortals?) 
As a MEDLARS bibliography on kinetocardiography dating back to 
the 1964 tapes had been provided for a colleague, the number of refer-
ences by year of publication were counted and noted in table 1.The 
leader of the research group working on this project was asked if he 
felt interest was increasing, decreasing or remaining much the same. As 
his reply was that interest was increasing, it is probable that failure to 
observe this trend in the number of publications is a result of the Nixon 
administration’s cutbacks in research funding in 1969-70. There are 
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FIG.1.	Predicted and Actual Numbers of Columns in Chemical Abstracts vs. 
Year 
Information from Scientific Bibliographies 
then considerable limitations to using this type of study to predict fu- 
ture trends, but there is, however, much other interesting information 
which can be gained by studying scientific bibliographies, much of 
which can be of direct practical use to information scientists and their 
clientele. 
A popular myth, especially among scientists, is that de Solla Price’s 
1963book Little Science, Big Science was the start of interest in study- 
ing characteristics of scientific literature. It was undoubtedly a most 
iduential and catalytic book and, in the last few years, there has been 
TABLE 1 

RESULTSOF MEDLARS SEARCHON KINETOCARDIOGRAPHY 
Year I No. of References 
1973 60 
1971 66 
1970 70 
1989 6% 
1968 72 
1967 65 
1966 39 
1965 39 
1964 20 
a considerable upsurge in bibliometric studies. It has, however, long 
been recognized that scientific literature had a structure and proper- 
ties. Even in 1882 H. C. Bolton proclaimed, ‘Chemical literature is 
characterized by two opposing forces, a tendency to dispersal and an 
effort to collect the widely scattered publication^."^ More recent, per- 
haps, is the realization that a knowledge of these properties and struc- 
ture is important for an understanding of information transfer pro- 
cesses in science. 
The characteristics of the producers of information and the forms in 
which it is disseminated are especially important. Bibliographies (and 
this term is used in this paper to include abstracting and indexing ser- 
vices) can provide the raw data for analyses which seek to quantify 
these points. The address lists at the back of Current Contents are very 
useful for ascertaining the types of institution in which publishing sci- 
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entists work and which are the most prolific.* A sample of these scien- 
tists can then be traced in the author indexes of other bibliographies 
and their productivity in terms of papers per year can be determined. 
In most fields academics produce the bulk of the literature, but in com- 
puter science Pritchard states that 49.5 percent of authors were em- 
ployed by firms.' A variant of this technique has been used in an at- 
tempt to assess the quality of British university chemistry departments 
using the corporate index to the Science Citation Index to identify the 
productivity of staff members and then determining the number of ci- 
tations (other than self citations) received by the average staff mem- 
bera8 
TABLE 2 
LANQUAQE BY SUBJECTOF PUBLICATION 
Subject English 1 Russian German French lapanese I Czech 
Chemistry0 
(Chemical Abatracta, 1966) 54.9 21.0 7 . 1  5 .2  
Physics10 
(Physics Abstracts, 1964) 67.7 18.0 6 .4  6 . 1  
Computer Science' 66.5 14.4 7.25 3.175 
Biology11 
(Biological Abstracts, 1967) 68 14 7 5 
Medicine" 
(Index Medicus, 1967) 56 3 9 11 
Music & Musicologylg 46 2.5 12.5 9 . 5  
(RZLM, 1967) 
The above procedures can work quite well in areas where the journal 
paper accounts for the bulk of the literature. Thus the first stage in an- 
alyzing the literature is to determine the proportion which is in the 
form of papers, reports, patents, theses, etc., and obviously no service 
which covers only papers can provide this sort of data. For this a bibli- 
ography, which has comprehensive coverage of all types of literature, is 
required. Similarly, a comprehensive bibliography is necessary to study 
distribution by country of origin or language of publication. Language 
of publication (especially when matched against the language capabil- 
ities of the user) is particularly important to the manager of an infor- 
mation service when planning translation facilities. Details obtained 
from several bibliometric studies are shown in table 2. Language distri- 
butions can change with time; Schwartz and PowerslS have charted the 
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decline of German ,mdthe rise of English for the primary literature of 
biochemistry, while in 1970 Webb14 predicted that, if current trends 
continued, virtually all biochemical research would be published in 
English by 1974. 
Patents and theses have long been a relatively underused literature 
form. A detailed investigation of patent literature is currently well ad- 
vanced at the Polytechnic of North London which will hopefully shed 
light on patent information/literature relationships. Russian writers 
have discussed the use of patents statistics in f0reca~ting.l~A Russian 
study has shown how “genealogies” of individual engineering ideas can 
be traced through the reference sections of United States and West 
German patents.la The relationship between theses and the quite con- 
siderable quantity of information which is republished from them has 
recently been discussed.6 
Bibliographies, if they are reasonably comprehensive, serve to moni- 
tor the most readily quantifiable output of science and technology-but, 
as J. Martyn points out earlier in this issue, a document explosion is 
not necessarily the same as an information explosion. Nevertheless, bib- 
liographies serve as “catalogs of science and of scientists” and as such 
can serve as a convenient form of raw data for sociologists of science, 
information scientists and others. The following examples are not in- 
tended as a complete catalog of such studies but merely to illustrate 
their diversity. 
A number of sociological studies on the literature of mathematics, 
social sciences, etc., are reviewed in Crane’s recent book on invisible 
colleges.11 Although it contains little of direct practical use to the infor- 
mation scientist, it suggests that the reason for exponential growth of 
the total number of publications and of new authors publishing for the 
first time in a new area is due to the interaction of members of a re- 
search area with other scientists. If such interaction is absent (as, for 
example, in English literature), a linear growth rate for these parame- 
ters would be observed. 
About three-fourths of scientific papers have two or more authors 
and name ordering patterns in such papers, and their implications, 
have received considerable attention from sociologists. Zuckermani8 re- 
ports that eminent scientists who become Nobel laureates tend not to 
insist on being first author to the same extent as do less eminent re- 
search team leaders, even five or more years prior to their prize. This 
concern (and occasional acrimony) over the “social symbolism” of the 
order of precedence of authors would be much reduced if far more jour-
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nal editors laid down rules that authors’ names should be in a strict 
alphabetical sequence. (With a name near the beginning of the alpha- 
bet, I can perhaps afford to champion this “democratic” method better 
than most!) 
Creativity as a function of the scientist’s age has been much studied. 
Lehmanlg presented evidence that chemists reached maximum creativ- 
ity in their mid-thirties. From a bibliometric standpoint it is, of course, 
easy to measure a scientist’s productivity in terms of his publications, 
but is is a very different matter to evaluate their ‘tvorth” or “creative- 
ness’’ bibliometrically. The criterion of average number of citations per 
year by other research workers propounded by Mathesons is not too 
easy to obtain; it does not recognize the scientist who, like Flory, has 
produced an idea ahead of his time, and it overates the one whose 
work is frequently cited by critics questioning its validity. Although 
Matheson excluded self-citations, he noted that they ranged from 24 to 
46 percent (mean = 31 percent) for the sample of British university 
chemists investigated. Citation counting as a measure of research 
achievement has, however, been strongly attacked.20 It has, however, 
also been used as a measure of the acceptance of new scientific ideas21 
and as evidence for the operation of the so-called Matthew effect 
whereby a discovery by an already eminent scientist adds dispropor- 
tionately more to his prestige than it would to a scientist who has not 
yet made his mark, 
Several areas of science have recently been subjected to bibliometric 
studies. A good review charting the growth of physics literature and 
information services was produced by a group at Aslib.lo Pritchard has 
characterized the literature of computer science,‘ Meadows and O’Con- 
nor have studied the journal literature of astronomy and astrophysics2* 
and Simon has produced several studies of biological fieldss23 A differ-
ent type of study, but nonetheless of immediate value to the librarian, 
is Mann’s compilation of 2,000 journals coded according to the number 
of food papers produced per year.24 Thornbe1-7~~ showed that from 
1900 to 1956 there was a steady (linear) increase in the proportion of 
papers on phytovirology relative to those on plant pathology. No tail-
off was observed before the study ended. 
Well-indexed bibliographies provide a good basis for assessing the 
information content of document titles and hence the reliability of ex- 
isting titles indexes, the potential usefulness of a projected one26 or the 
relative frequency of occurrence of synonyms in a subject areasz7 Al-
though titles indexes such as Internationale Bibliographie der Zeit-
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schriftenliteratur, Applied Science G Technology Index, etc., have been 
in existence for a long time, they do not seem to have been as favorably 
regarded or as much used by scientists as by librarians; it was not until 
the 1950s that a combination of factors-such as intolerable delays in 
the major abstracting services, the introduction of a title index pro- 
duced by scientists for scientists (the Chemical Society’s Current 
Chemical Papers) and possibly Luhn’s advocacy of automated titles in- 
dexes-induced scientists to regard title indexes seriously. One conse- 
quence of this was that they began to pay more attention to the titles 
which they gave their papers. By the simple technique of counting the 
keywords per title in different years Tocat1ianz8 recently quantified this 
interesting trend to more informative titles. 
The condensation of information ongoing from a primary publica- 
tion to the secondary literature leads to transmission losses in the sev- 
eral information transfer channels. These losses are either total, due to 
noninclusion in a specific secondary service, or partial, due to omissions 
of items of information from a given document by the abstractor or by 
the indexer. Some methods of estimating transmission losses from stud- 
ies on bibliographies are discussed elsewhere.6 
Citation analysis has long been used by librarians with greater or 
lesser effectiveness for various purposes connected with the manage- 
ment of journal collections. It is an especially useful aid in journal se- 
lection policies. A poor example is an analysis of citations in a few 
American library journals proposed as a basis for journal selection in a 
library school library,zg Much more comprehensive data on which to 
hake such a selection were obtained from an analysis of six abstracting 
services on information science. Although 990 relevant journals were 
noted, three-fourths of the total information came from just 100 jour-
n a l ~ . ~ ~Citation analysis in science has been made easier by the appear- 
ance of the Science Citation Index and its machine-readable tapes. For 
example, Martyn and Gilchrist3I have shown that nearly one-fourth of 
the citations to British journals were to Nature and The Lancet. A 
method of selecting the most prolific journals for a particular topic and 
for assessing the productivity of journals of marginal interest (provided 
that they have been indexed by the Science Citation Index) has been 
These are aspects of the Bradford scattering effect (dis- 
cussed earlier in this issue) which Douglass8 and others have suggested 
is a time-dependent phenomenon and that variations in rankings with 
time must be taken into account when forecasting a library’s future 
coverage of a field. 
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Once an abstracting service has got its bibliographic data into ma- 
chine-readable form, useful statistics can be obtained very readily. (An 
even greater volume of useless statistics can be churned out just as 
quickly.) Some of these statistics are helpful in the management of the 
service,34 e.g., a ranked list of journals showing their productivity is 
useful in identifying the core journals of the field. Very detailed sum- 
maries of statistical data from Nuclear Science Abstracts have been 
published;35 one of the many interesting facts produced is that there is a 
disproportionately high contribution in the area of theoretical physics 
from the U.S.S.R. BIOSIS often produces analyses of the literature it 
processes; its annual listings of the percentage of biological serials de- 
rived from specific countries is normally to be found in the prefatory 
pa9es of the December issues of Biological Abstracts. In  a study of 
1971 literature on nonhuman primates,36 it was found that of 3,205 pa-
pers from 742 primary research publications, more than 45 percent 
dealt with members of the family Cercopithecidae, but, surprisingly, 
one-third of the papers made no reference to the specific animal under 
study. A scattergram by subject concepts and test organisms revealed 
that the most frequently studied research topic in which nonhuman 
primates are used is physiology of the nervous system. This has no con- 
nection with a previously unpublished study on primates.s7 
Unlike the Russian and French abstracting services, English-lan- 
p a g e  ones are fragmented with respect to the whole field of science 
and technology. Because of this, considerable overlap occurs. Three of 
the major services produced in the United States, BioSciences Informa- 
tion Service of Biological Abstracts, Chemical Abstracts Service and 
Engineering Index have recently undertaken a study of the overlap 
among their respective services. The total number of different journals 
monitored by the three services in 1970 was 14,592, of which 10,511 
were monitored by only one service and only 140 were covered by all 
three. The biggest overlap in terms of abstracts was between Engineer-
ing Index and Chemical Abstracts-45.3 percent. The overlap of Chem-
ical Abstracts with BIOSIS was 28.6 These studies, which are 
continuing as a “preliminary step in planning for the future” may well 
have far-reaching effects on users of secondary literature in these areas 
and on the librarians who provide for their needs. 
Errors in bibliographies can occur, and, if not checked with the orig-
inal, may be perpetuated by subsequent copiers. (Readers familiar 
with the Journal of Chemical Education’s “Textbook Errors’’ feature 
will have seen numerous examples where an error of fact was con-
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tained in a t  least two textbooks.) DobellSD gives an account of how a 
title in Czech became substituted for the author’s name in Centralblatt 
fur Bacteriologie und Parasitenkunde (1887, 1,  537) and for fifty years 
books and papers on dysentery referred to a paper in an obscure Czech 
journal by 0. Uplavici (Czech for “on dysentery”) instead of by the 
true author, Jaroslav Hlavab4” There is an apocryphal story of the em- 
ployee of Chemisches Zentralblatt, who, being under notice, managed 
to insert a nonsense abstract which he attributed to S. C. H. Windler. 
In the better bibliographies errors are remarkably few and far be-
tween. While I have made no systematic study of this aspect, I did ob- 
serve only one error in a random sample of 183 subject index entries 
from the 1967 Chemical Abstracts. On the other hand, using the Sci-
ence Citation Index one gets the impression of a rather higher propor- 
tion of errors. I t  is to be expected that as abstracting and indexing ser- 
vices become increasingly produced by automatic means, especially 
where economic pressures dictate the minimizing of intellectual effort 
at the input stage, such errors will cause a little, but increasing, frustra- 
tion for the literature searcher. For example, in a citation index it is 
clearly impracticable to check every citation in every document pro- 
cessed-one must assume that the journal editor has spotted any errors 
and inconsistencies; he or she in turn will doubtless assume that au- 
thors (or referees) have got the bibliographic details of the citation, 
such as citer authors’ names and initials etc., correct. The Science Citu-
tion Index, did, however, enter correctly all fifteen citations to Green- 
stein’s joke paper on “armpitin’9*1 despite such give away citations as 
Yolk, A. and White, B., On slicing a hard boiled egg, Popular Mechan- 
ics, 39:251, 1948 or Goose, M., A child’s guide to erotica, Golden Days, 
Garden City, 1963, etc. The “paper” was also indexed in Index Medicus 
(1966) under “Contraceptives” but I could not find it in either Chemi-
cal Abstracts or Biological Abstracts. A charitable explanation is that 
perhaps indexers have a sense of humour which abstractors lack. 
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THEdissemination of knowledge is linked with the 
general, often exponential growth of products and services, e.g. the Gross 
National Product. In the realm of knowledge this growth is subject to 
certain regulations which can also be defined mathematically in an un- 
ambiguous way. The more narrowly the area of research is delimited, 
the more accurately statements can be formulated and trends recognized. 
As data for such research, special bibliographies serve with the high- 
est possible degree of comp1eteness;l or one may use such collections of 
literature which point out the most symptomatic characteristics, though 
they may be incomplete.2 The latter case represents, in a statistical 
sense, a random sample, 
Trends in special areas of research can be satisfactorily demonstrated 
in this way. What should be undertaken in a wider context, and partic- 
ularly for the information sciences, would likewise be an analysis of 
tendencies with the greatest possible number of quantitative values. In 
this way it should be possible to answer questions such as: 
How many bibliographies will there be in the year 1980, 1990, or 
2000? 
In what form will they be available (print, microfilm, or computer- 
stored)? 
How are these forms related to each other? 
In what ratio to bibliographies are periodicals and reports found, i.e., 
to how many periodicals and reports does a given bibliography ap- 
Ply?
How does bibliographic control develop, and how great is the over- 
lap in the case of varying degrees of control? 
Can the language barrier (particularly as it applies to China and the 
U.S.S.R.) be minimized or eliminated entirely by effective biblio- 
graphic control? 
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How can these relations be presented quantitatively? 
These few examples of questions to which the analyses of bibliogra-
phies might hold some answers could be expanded to a catalog of per- 
haps one hundred questions if one wanted to delineate the entire area 
of concern. These examples also show clearly that results can only be 
expected if simulation models are employed. For that reason the com- 
puter is indispensable in analyzing bibliographies. Aided by these tech- 
niques and the various bibliographies as source material, a collection of 
prognoses for information science analogous to the models of Meadows 
and Forrester (M.I.T.,Cambridge, Mass.) would have to be drawn up. 
The various entry parameters and other relational values (e.g., the 
number of Ph.D.s, the number of periodicals and reports, new periodi- 
cals, periodicals which cease publication, redundant publication, insti- 
tutional grants for the advancement of science) lead us to expect a dif-
ferent configuration for each country. These models would certainly be 
valuable aids in determining priorities for research and development. 
In this decision-making process with regard to research and develop- 
ment in the information sciences, purely technical tendencies (their re- 
alization and their cost),S are at least as important as the development 
of a general theory for understanding the dissemination of knowledge 
by these various media. Kochen emphasizes: “The continued survival 
of the biosphere may well depend on how well individuals in various 
species can learn to take timely actions on the basis of its collection and 
growing wi~dorn.”~ 
That this interjection of one’s own knowledge is still neither recog- 
nized universally nor followed up satisfactorily in research projects is 
evidenced in the analysis of bibliographies and the determination of 
their role of analysis in the flow of information in the sciences and the 
humanities. 
In the case of the sciences, methodologically and theoretically corn- 
prehensive, far-reaching conceptions are available (cf., contributions 
by Martyn, Brookes, Bottle and Simon), while in the humanities there 
is not even a survey of the bibliographies available as sources for anal- 
yses of various kinds (cf. especially pp. 58-59of Thompson in this issue). 
The difficulties here are unmistakable. Thus a history of science devel- 
oped from bibliographies could be offered under the title “History of 
Science Written by Bibliographers.” But without use of the computer 
probably no useful results would be gained. Moreover, the researcher 
would have to be well-versed in the classical languages and at the same 
time know as much as possible about computer science. Should these 
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conditions be fulfilled, a view of history with great objectivity would 
become possible with such a method, as is demonstrated by de Solla 
Pricee5 
Besides these briefly sketched new applications of bibliographical 
analyses, the greatest significance of such analyses may lie in the fact 
that it will be possible, with these aids, to gain insights into the growth 
of knowledge and its regularities. Such insights are, for example, now 
available with the duplication factor of scientific periodicals.s Gaining 
these insights is an even more urgent task since it is postulated today 
that, on a worldwide basis, science is running on a kind of treadmill.’ 
Recognizing this, eliminating it if possible, and thereby saving the en- 
tire worldwide political economic structure from ultimate losses re- 
mains a nearly hidden objective of bibliographies. Only by means of 
assured values can a flow of information be interpreted and its tenden- 
cies recognized. The length of time prognoses will be of use to us will 
vary.8 As stimulus to thought, however, they have an inherent value of 
their own and should lead to possible revisions in the supply of infor-
mations 
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